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Electron Micrographs of the Agent of Feline Pneumonitis (Baker). 

Geoffsey Rake. Helen Rake. Dorothy H-aaire. .and Vincent Grocpe. 
From the Sqifibv Infiituie ior MerFcal Efscarch. Xcir Snmiiricl.-. X^. 


The morphologA' of sei'eral ATruses and 
rickettsiae has been studied with the aid of 
the electron microscope but no studies on 
anj' member of the psittacosis-l\Tnpho- 
granuloma-trachoma group have been pub- 
lished. .-Hthough the data presented here 
deal only with the agent of feline pneu- 
monitis. similar micrographs have been ob- 
tained with agents of hinphogranuloma 
venereum, human pneumonitis* (S.F.) and 
psittacosis.* 

The material for studj" was prepared from 
10% or 20% suspensions of heai-ih' infected 
yolk sacs which were shaken in Ringer's 
without beads for 20 minutes to liberate the 

^ We vrisli to tlian’: Dr. Francis Gordon for 
snpplying suspensions of these rrro agents vruieh 
had been inaetivatesl by ultraviolet irradiation. 


agent from infected cells. From then on 
the procedure varied but the following gave 
the cleanest preparations. The supemate 
from shaking was twice centrifuged for 15 
minutes at 2000 and at 2400 r.p.m. The 
agent was then sedimented twice at 15.000 
r.p.m. for one hour and resuspended in 
Ringer's solution, .\fter a third centrifuga- 
tion at 15.000 r.p.m. for one hour the sedi- 
ment was finally resuspended in the original 
volume of distilled water. This suspension 
was clarified finalh' at 2000 r.p.m. for 15 
minutes and the supemate dried on collodion 
membranes in the usual manner. 

-As shown by the illustrations, the char- 
acteristic picture obtained is one in which 
a central more opaque mass is surrounded 
by a less opaque circular limiting membrane. 
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Electron Micrographs of Feline PxNeumonitis 



Fig. 1. 

Tlie ('lemcutary bodies of Feline Pneumonitis. Mognifieotion 20,700 X. 


This appearance resembles closely that de- 
scribed for the rickettsiae'"^ and certain bac- 
teria, less closel}' that shown by vaccinia'"’-''' 
and not at all that of the smaller viruses. 
In the case of feline pneumonitis, the cen- 
tral substance is quite irregular internally as 
well as in outline (Fig. 1-4). The appear- 
ance suggests the irregularities of a wrinkled 
pea flattened on one side and in a few in- 
stances in which side views have been ob- 
tained due to rupturing of the collodion 
membranes, this opinion was confirmed 
(Fig. S). In a very few instances dark 

iPlotz, H., Smndel, J. E., Anderson, T. F., and 
Chambers, L. A., J. Exp. Med., 1943, 77, 355. 

2 Weiss, Ij. J., /. Immuno!., 1943, 47, 353. 

3 Sheimrd, C. C., and Wyckoff, R. W. G., Fill). 
ncaUi, 2;ep., 1949, Cl, 701. 

Mndd, S., and Anderson, T. F., J. Jm. Med. 

1944, 126, 561. 

5 Green, E. H;, Anderson, T. F., and Smadcl, 

J. E., J. Ejp. 3fed., 1942, 75, 051. 

Sliarj), D. G., Taylor, A. E., Hook, A. B., and 
Beard, J. IV., peoc. Soc. Exp. Biol, and Med., 
1946, 01, 259. 


bodies of uniform density are seen without 
any limiting membrane. It is not certain 
that these represent the bodies of the agent 
but since they are of the same general size 
and density as the central masses thev may 
be undistorted bodies or bodies in which the 
substance of the limiting membrane has been 
lost (Fig. 2, 6). In some bodies showing 
the limiting membrane there was little dis- 
tortion of the central mass. In side view 
such bodies appear like derby hats (Fig 7) 
The majority (51%) of the elementary 
bodies appear by direct measurement of elec- 
tron micrographs to be between 440 and 
490 m/i in diameter. The median diameter 
is 465 m^, the average 455 m/n, and the ran<ie 
from 350 to 580 m/x. Such lack of uni- 
formity is not seen with the smaller viruses' 

It seems probable that these diameters for 
the elementary bodies are larger than those 
e.xisting in the viable forms. The flattened 
wrinkled pea form noted above suggests that 
the bodies resemble sacs filled with jeij 
which, settling down on the collodion mem 
branes, lose their spherical shape and increa= ' 
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in diameter. Larger bodies, such as might 
correspond to initial bodies, are rare although 
at least one 770 m/t in diameter has been 
noted. There are two possible reasons for 
the paucity of initial bodies. They maj’ be 
large!}- discarded with the low speed sedi- 
ment or they ma}' fragment, at least to the 
extent of losing their capsular material, in 
the process of repeated differential cen- 
trifugation. There is evidence that both oc- 
cur. Thus examination with the light micro- 
scope of low speed supernates of prepara- 
tions, originally rich in initial bodies, show 
complete disappearance or marked decrease 
in numbers— to between 1% and 2%. Such 
supernates are then further treated, by re- 
peated high speed sedimentation and resus- 
pension, and those showing any initial bodies 
suffer a further 90^ decrease. 


Pairs, chains and groups of elementary 
bodies are to be found (Figs. 1-4). Fairly 
dense intercellular bridges stretching between 
bodies are not infrequent and may be en- 
closed by limiting membranes (Fig. 4). The 
picture is reminiscent of that shown by cer- 
tain bacteria.^ 

Summary. Electron microscope studies of 
the agent of feline pneumonitis suggest that 
the elementary bodies in nature have prop- 
erties similar to those of jelly-filled sacs 
which in course of preparation for examina- 
tion in the microscope settle to a form similar 
to a wrinkled pea with one flattened side. 
Such distorted bodies are approximately 465 
ni/n in diameter. They have several char- 
acteristics which resemble rickettsiae and bac- 
teria. 
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Pathogenizing Effect of Different Carbohydrates on Ebertliella typfiosa, 

L. Olitzki, "M. Shelubsky, and S. Hestrin. 

From the Depart mciii of Hitpiene aiiif Baelcrinloflf/ ant/ the /lormonr Desnrch L'lboratorij, Th” 

Dchrcic Vnivcrsitii, Jerusalem. 


It has long been known that the patho- 
genicity of bacteria for laboratory animals 
can be enhanced by addition of certain sub- 
stances to the injected suspensions (cf. ref- 
erences in papers of IMcLeod.' Ercoli et a/.-). 
Several investigators have used carbohy- 
drates for this purpose. Xo systematic study 
of the relation between carbohydrate struc- 
ture and pathogenizing potency has. how- 
ever, been reported. The present communica- 
tion reports experiments which form part of 
an investigation designed to clarify the chem- 
ical basis of pathogenizing activity in the 
carbohydrate group. 

The e.xperiments define the activity of se- 
lected sugars and polysaccharides as patho- 

1 MiLi'od, Cli,. Jm. J. Utifl., Sec. B, 1941, 34, 
41 and ol. 

- Ercoli, X.. Lewis, it. X.. .'out Ilarker, E., Proc. 
Soc. Exp. Biol. .a.xd Med., 1945, 59, 273. 


genizing agents for E. fyphosa in the mouse. 
Special attention is directed to the patho- 
genizing activity of several levans, including 
2 natural sources and a preparation syn- 
thesized from sucrose by a cell-free system. 
The information obtained is inadequate to 
define finally in a positive sense the features 
of molecular pattern which determine patho- 
genizing activity in the carbohydrate group. 
It suffices, however, to show that several 
features of the chemical structure and 
physical character of a carbohydrate are un- 
important to its role as a pathogenizer. 

Test organism. E. typhosa (0901) served 
as the test microorganism. The bacteria 
were grown in plain broth at 37°C, the in- 
cubation lasting 24 hours. 

Test oj pathogenizing activity. The e.x- 
periments were designed to show ivhether in- 
traperitoneal injection of carbohydrate into 
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a mouse has a pathogenizing effect. White 
mice of laboratory stock served as the ex- 
perimental animal'. The mice were at the 
time of the tests 4-5 weeks old and averaged 
18 g in weight. The animals were injected 
intraabdominally with 0.5 cc of a suspension 
which consisted of a mixture of 0.05 cc of 
a selected dilution in broth of a 24-hour 
broth culture and 0.45 cc of a sterile-aqueous 
solution of the tested pathogenizing sub- 
stance. Where no pathogenizing effect was 
observed, the carbohydrate concentration was 
increased in successive tests up to a concen- 
tration of 10% or until a concentration which 
gave a solution too viscous to be injected 
was reached. Where a pathogenizing effect 
was obtained the number of injected bacteria 
was decreased by power of 10 in successive 
tests until a nonlethal dose was reached. 
Groups of 5 mice were used at each assay 
level. The findings are recorded in terms of 
the quotient — number of animals which died 
within 48 hours after injection/S {total num- 
ber of mice in group). The pathogenizing 
activity is e.xpressed in terms of the quotient, 
MLD of broth culture without added patho- 
genizer/hlLD of broth culture in presence 
of added pathogenizer. In order to e.vciude 
error due to accidental death, the MLD is 
defined as that dose which produces a mor- 
tality rate of at least 2/5. The MLD of 
the broth cluture without added pathogeniz- 
er was found to be 0.4 cc. In repeats of 
assays of the pathogenizing potency of dif- 
ferent substances, the maximum variation in 
mortality between replica tests was ± 1/5. 
Values of pathogenizing potency were re- 
producible within the limits of one logarithm 
integer of the broth dilution. 

Materials. Sugars; pure crystalline prep- 
arations.* Galactomannan: 1 a preparation 
from carob seed. Mannan; prepared from 
carob galactomannan by' selective hydrolysis 
according to the method of Wailew and 
Gortner.® Dextran: prepared in powder 
form from sucrose broth culture of Leu- 

* British Drug Houses, London. 

t Kindly supplied hr Dr. E. Simon, Daniel Sief 
Eescarcli Institute. 

3 W.nilcn-, B., and Gortner, B., 4ro7i. Biochem., 
1943, 1, 325. 


conostoc inesentcroides by repeated precipita- 
tion in alcohol with stirring in a Waring 
■blendor. Levans: prepared in powder form 
from sucrose cultures of Acrobacter kvanicum 
and Bacillus subtilis as described by Hestrin 
ct al.''^ Cellulose I: fibril suspension pre- 
pared from cultures of Acetobacter xylinum 
as described by .Aschner and Hestrin.® Cel- 
lulose II: acid-degraded cotton cellulose pre- 
pared by exposure of one part ether-extracted 
cotton wool to the action of 9 parts 60% 
sulfuric acid for 10 minutes at room tem- 
perature. The suspension after dilution and 
neutralization was dialyzed and obtained in 
the form of a powder by evaporation over 
a boiling water bath. Other materials em- 
ployed: glycogen,* inulin,? gum acacia, li 
agar powder,^ mucin,** kaolin, D rice starch, 
soluble starch, and pectin.ff 

Survey of pathogenizing activity of di§cr- 
cnt carbohydrates. The following carbohy- 
drates were found to be entirely lacking in 
pathogenizing activity' in a concentration 
range of 0.2-10%; pentoses — arabinose and 
-xylose; hexoses — glucose, fructose and galac- 
tose; oligosaccharides — maltose, trehalose, 
lactose, cellobiose, sucrose, and raffinose; 
polysaccharides — galactomannan (0.2%), 
soluble starch (5%), rice starch (5%) and 
pectin (5%). The MLD in the presence of 
these carbohydrates except in the case of 
pectin was equal to that found in absence 
of carbohydrate. Pectin was found to be 
bactericidal at a concentration of 5%. 

Polysaccharides which showed measurable 
or marked pathogenizing activity under the 
conditions of the test are listed in order of 
decreasing activity in Table I. On the basis 
of the maximum pathogenizing effect (natho- 
pni^ng potency) obtained 3 classes of car- 
bohydrates can be di stinguished: (a) pow- 

^ Hestrin, S., AWneri-sl>),^ror«.rnna'^ehne;; 


JI., Biocliem. 1943, 37, 45(1. 

-■> Aschner, JI., and Hestrin, 
157, 659. 

t BhOne-Poulenc, Pari.s. 

§ British Drug Houses. London. 
(I Pharm. central de Eeigique. 
li May and Baker, London. 

*» Burroughs Wellcome, London, 
tt Merck, Darmstadt. 

Commercial source unknown. 


^’aiiire, 1946, 
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TABliE I. 

Pntliogcniziii g Activity of Polysaccharides in Presence and Absence of Kaoiin. 

Patliogcnizing activity expressed as ratio: 

AfT.Tl vvitlmut patliogenizcr/ArLP iTitli pnthogenizer 


Substances tested 


Agar 

” ivitb kaolin 1% 

Levan (A. levniiiciim) 

” witli kaolin 1% 
Levan (S. snitilU) 

” with kaolin 
Mucin 

’ ’ with kaolin 19o 
Dextfan (L, mcscnicroidcs) 
” with kaolin l<7e 
Cellulose I (A. xiiUniim) 

” wifli kaolin ICe 
Cellulose II (Cotton) 

” with kaolin 1% 

Gum acacia 

” vrifli kaolin 1% 

Mannan (carob) 

' ’ n’ith kaolin 1% 
Glycogen 

” with kaolin 1% 
Inulin 

” n'ith kaolin 15c 
Dextrin 

” n'itb kaolin 1% 


Concentration of earbobydrate 
0.2Si 0.3% O.oCc 1.0% -l.OSi 5.0% 10.0% 


. 

S-xlOS 

— 

— 

— 

— 



4x103 

— 

— 

— 

— 

— 



8x103 

8x103 

SxlOV 

8x103 

— 

— 

■ 




T 

T 

T 

T 






8x103 

SxlOr 

— 



_ _ 





4x103 

4xl0^ 

— 

— 



_ - 





— 

8x104 

8x105 

— • 





— 

— 

T 

T 

, - 





8x102 

8x103 

— 

— 

— 

— 

— 

— 

4x103 

8 











4x103 

— 

— 







— 

— 

80 

— 








— 

4x103 

— 

. . 









1 

80 

— 

— 

— 

— 

1 

4 

4x103 


— 

— 

— 

— 

8 

— 

— 


— 

— 

— 

4 

— 





— 



1 

1 

8 

— 

— 

— 

— 

40 

40 

4x103 



— 



— 

1 

1 

4 

— 

— 

— 

— 

1 

40 

4x102 

— . 



— 

— 

■ 

— 

1 

— 

— 



— 

— 

— 

40 


— = Xo test. 

1 = MLD not loncrcd ; S =: MLD S-fold lowered, etc. 
T =: To.xie action in absence of bacteria. 


erfu] patbogenizers; (b) moderate patbo- 
genizers and (c) nonpathogenizing carbohy- 
drates. Class (a) includes 2 extracellular 
bacterial polj’-saccharides (levan and de.x- 
tran), mucin and agar-agar. Members of 
this class showed high activit}^ as patho- 
genizers also at fairly low concentration. 
Class (b) comprises the 2 cellulose prepara- 
tions. gum acacia, glycogen, mannan and 
possibly should also include inulin. Class 
(c) comprises all the tested crj'stalline 
sugars and several of the poh'saccharides 
(starch, galactomannan). It may be noted 
that the above classification of carbohy- 
drates on the basis of patbogenizing potenc\' 
is consistent with subdivision of the carbo- 
hydrates on the basis of other criteria of 
their pathogenizing action as described in 
following sections. 

Copafhogemzing effect of kaolin. Kaolin 
alone at a concentration of 1% produced 
no significant pathogenizing effect, the MLD 
being in absence of kaolin 0.4 cc and in its 


presence 0.2 cc. Kaolin is, however, in cer- 
tain cases a powerful copathogenizer, i.e. it 
enhances the pathogenizing potenev^ of car- 
bohj'drates which also show pathogenizing 
activity in its absence. The influence of 
kaolin on the pathogenizing potency varies 
consistent!}' with the classification of carbo- 
hydrates already described. Kaolin exerts 
a marked effect on the pathogenizing actimt}'- 
of carbohydrates of class (b), but has little 
or no effect in class (c) and (a). 

Effect of pat/iogenizcr concentration. The 
effect of pathogenizer concentration has been 
investigated in the following: levan, mucin, 
gum acacia, inulin and glycogen. It is evi- 
dent from the values shown in Table I that 
the patliogenizing activity increases at an 
increasing rate as the concentration of patho- 
genizer is increased. There is in eveiy case 
a threshold level below which no activity can 
be found. The threshold varies markedly 
in the different carbohj-drate classes. It is 
relatively low (<2%) in (a), and fairly 
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high (S-lO^ii) in (b). The existence of the 
threshold places doubt on the general sig- 
nificance of negative results which may be 
obtained when possible pathogenizers are 
tested at low concentrations. 

Pathogenizing activity oj synthetic levan 
preparation. The observations on the patho- 
genizing activity of levan from 2 different 
bacterial sources suggest that levan from A. 
Icvaniaim has significantly greater patho- 
genizing potency than levan from B. subtilis. 
This observation is of particular interest in 
view of the fact that no chemical or ser- 
ological difference between different bacterial 
levans has hitherto been detected."-* The 
pathogenizing action of levan prepared by 
the action on sucrose of a cell-free enzyme 
solution was therefore undertaken. 


In preliminary experiments it was found 
that levan-free levan-sucrase solution pre- 
pared from .4. Icvanicum by autolysis as de- 
scribed by Hestrin ct al.^ is toxic to mice in 
a dosage of 0.1 cc. Since the toxin is heat- 
stable and derives from a Gram-negative 
organism, it is probablj' to be regarded as 
endotoxin. The toxin of the enzyme prepara- 
tion is precipitated by alcohol. It accom- 
panied levan in the alcohol precipitate when 
levan was formed from sucrose added to the 
enzyme solution. Methods accordingly were 
sought which would permit the preparation 
of a nontoxic synthetic levan preparation. 
Two suitable methods are described below. 

In one case, levan was synthesized from 
sucrose bv incubation with levan-free levan- 
sucrase at 37°C for 2 days in a mixture of the 
following composition.^ 100 
tion 100 cc acetate buffer pH S.O, 100 cc 
15% sucrose. Toluol was added to 
tain sterility. The material was precipitated 
with 2 parts alcohol, purified by repeated 
precipitation with alcohol, and dried in a 
vacuum desiccator. About 1.2 g of dry ma- 
terial was thus obtained, whereas a control 
fixture of enzyme and buffer -tho^-ms 
afforded 0.3 g ^7 the 
yield of leva n was therefore 0.9 ___ 

Pnoc. Soc. Exp. Keill’ J. M., 

7 Helire, E. J., Gengliof, S. D., ana 

J. Jmmwtol., 1945, 61, 5. 


possibly present endotoxins the 2 products 
were treated according to Furth and Land- 
steiner® with hot 0.5 N NaOH for 30 min- 
utes. The solutions were neutralized and 
dialyzed against tap water in cellophane bags 
for one day. The dialyzed solutions were 
precipitated with 2 volumes of alcohol. The 
precipitates were dried and aqueous solutions 
of 1 and 2% concentration were set up. 
Solutions of the enzyme-buffer mixture prod- 
uct proved to be nontoxic and nonpathogen- 
izing. whereas the solutions of the enzyme- 
buffer-sucrose product, i.c. the sy-nthetic levan 
preparation, showed no toxicity but high 
pathogenizing activity. The pathogenizing 
activity rated 8x10- and SxlO" at the con- 
centration levels 1% and 2% respectively. 

In a second case, advantage was taken 
of the fact that dilution improves the levan 
yield per unit of enzvme employed." The 
reaction mixture was composed as already 
described e.xcept that the enzyme solution 
was diluted 10-fold. The yield of levan was • 
decreased by only one-half by this 10-fold 
decrease of the enzyme. levan prepara- 
tion was obtained which showed no toxic ef- 
fect in 2% solution even in absence of alkali 
pretreatment.*’ The pathogenizing activity 
was found to rate 8xl0-‘. 8x10" and S.xlff' 
at the concentration level 0.5. 1.0 and Z.0% 
respectively. 

It may be concluded therefore that levan 
synthesized tn vitro by the action of cell-free 
.Aerobacter levan-sucrase on sucrose e.xhibits 
a marked pathogenizing activitv independent 
of the presence of any alkali-labile toxic 
component m this preparation. The “svn- 

thetic levan shows slic^htlv locc f -i 
... , , ^"p>nuy less activity 

than levan prepared from a ^ i , 

,, ^ ^ ^ aving .Aerobacter 

culture. 


show 


Discussion. The experiments presented 
ow that pathogenizing activity toLrds E. 
typhosa is not uncommon in polysaccharides 
Of a total of 

high pathogenizing potency was found “in S 
moderate activity in 6, and little or ’ 

tivity in the remainder. On the otherTand" 


8 Furth, J., and Landstoinpr, lc,_ j 
1928, 47, 171. 

9 Avineri-Shapiro, S,, and Hestrin, s 


J., 1945, 39, 107. 


■rp. Med., 
ttiorhc-ni. 
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not one member of a group of 10 oligo- 
saccharides and simpler sugars examined 
showed pathogenizing activity. It is ap- 
propriate in the light of these findings to 
inquire what physical and chemical proper- 
ties in a carbohydrate determine its ac- 
tivity. 

The hj-pothesis has been presented that 
viscosity is an overriding determinant of the 
pathogenizing activity of an injected sub- 
stance. Experiments by several investi- 
gators have tended, however, to throw doubt 
on this conclusion. The experiments here re- 
ported confirm this criticism. Among the 
carbohydrates examined by us. no consistent 
relationship between viscosity and pathogen- 
izing activity can be obserx-ed. In the poly- 
saccharide group with marked pathogenizing 
activity, dextran with a viscosity at a con- 
centration of 2% about 10 times that of levan 
shows far less pathogenizing activity than 
does levan at the same concentration. Again, 
in the group of polysaccharides with low 
pathogenizing activity, a pathogenizing po- 
tency which is roughly constant is associated 
with widely fluctuating viscosities. Finally, 
it may be noted that the inactive polysac- 
charide group includes several substances of 
verx' high viscosity (galactomannan, man- 
nan. starch). It is clear, therefore, that 
viscosity is not an overriding determinant 
of pathogenizing activity and that it does 
not per sc confer pathogenizing activity on 
an injected substance. 

Since a pathogenizing activity which is ab- 
sent in simple sugars and oligosaccharides 
can be present in their polymers, it is sug- 
gested that pathogenizing acti\'ity is a func- 
tion of patterns which are specific to the 
colloidal state. It is significant in this re- 
spect that different polysaccharides with a 
common hexose unit and similar features 
of chemical structure can present widely dif- 
ferent pathogenizing activity (levan from 
A. levankum vs. levan from B. siibtiUs vs. 
inulin; starch vs. dextran, etc.) 

Pathogenizing activit 3 ’- seems to be de- 
pendent only in a minor degree on the struc- 
ture, configuration and manner of linkage 
of the individual repeating unit or on the 
presence of polar groups in a carbohydrate 


poU-mer. Thus it has been found that either 
high or moderate pathogenizing activiU' ma\* 
be manifested b\' simple poh'saccharides of 
such groups as glucan (dextran, cellulose 
preparations, gU'Cogen), fructan (levans, 
inulin), and mannan (carob preparation) and 
b\- complex polysaccharides with polar 
groupings (agar, gum acacia, mucin). Our 
pathogenizing carbohydrates include both a 
and p linkage t%-pes, furanosidic as well as 
pvTanosidic units, and intersaccharidic C-C 
linkages of the 1-4 (cellulose, glycogen), 
1-6 (dextran), 2-1 (inulin) as well as 2-6 
(levan) t\pes. 

In an investigation of the pathogenizing 
potencj' of different fractions of mucin. An- 
derson and Oag'*' found that whereas marked 
activity is shown by protein fractions no 
pathogenizing activiU" is presented by the 
purified carboh\-drate fraction of mucin. 
This result suggests that the pathogenizing 
activity of certain carbohydrates may be due 
to the presence of foreign substances in these 
preparations. In view of the fact that patho- 
genizing activity is manifested by polysac- 
charides from wideU- different sources, this 
possibility must be considered as most un- 
likely. In the case of levan it has been pos- 
sible to exclude it. The demonstration of 
pathogenizing activity in a levan obtained in 
defined reaction conditions b\’ the action of 
cell-free enzyme on pure sucrose affords proof 
that pathogenizing activity is an intrinsic 
properU' of levan. 

Sumiitary. The pathogenizing action of 
15 poh'saccharides and of 11 simple sugars 
and oligosaccharides on EhcrthcUa typliosa 
in the mouse has been described. High 
pathogenizing activity was shown by the fol- 
lowing carbohj'drates: levan, dextran. mucin, 
and agar-agar. ^Moderate activity was 
shown b\' the following; cellulose prepara- 
tions, gum acacia, ghxogen and mannan. 
Inclusion of kaolin in the injected suspension 
enhanced the pathogenizing action of this 
group. Levans from 2 bacterial sources 
Acrobaefer Icvamciim and Bacillus subtilis 
showed different degrees of pathogenizing 
activity. Levan s\-nthesized in vitro by the 

10 Anderson, C. G., and Oag, B. K., Brit. J. Exp. 
Path., 1939, 20, 25. 
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action of cell-free Acrobacter enzyme showed 
marked pathogenizing activit3L The patho- 
genizing activity must be, therefore, an in- 
trinsic property of this levan. 

It is suggested that the pathogenizing ac- 
tivity of a polysaccharide is a function of 
patterns which are specific to the colloidal 
state. The activity depends only in minor 


degree on the structure, configuration and 
manner of linkage of the individual repeating 
unit or on the presence of polar groupings 
in the carbohydrate polj'mer. There is no 
consistent relationship between the viscosity 
of the injected carbohydrate solution and 
the pathogenizing activity which it manifests. 


15650 

Electroshock Therapy by Stimulation of Discrete Cortical Sites with 

Small Electrodes.* 


Robert G. Heath! and Edward C. Norman. (Introduced by Fred A. Mettler.) 
From Pennsylvania Hospital for Xervous and Mental Piseases, Philadelphia, Fa. 


Among the many phenomena observed 
during and following electroshock therapy are 
convulsion, loss of memory and profound 
stimulation of the autonomic nervous sys- 
tem. By using small electrodes (8 mm in 
diameter as contrasted to conventional elec- 
trodes of 5 cm") it was found that no con- 
vulsion resulted when the stimulus was ap- 
plied through regions some distance from the 
motor strip, although the current used was 
sufficient to produce convulsions when ap- 
plied to the motor strip itself. The conven- 
tional shock machine was used in the ex- 
periment. Fairly accurate control of cur- 
rent was possible by measuring the resis- 
tance of the subject. 

Some degree of localization of the stimula- 
tion was possible. Observations made fol- 
lowing stimulation of several chosen sites 
indicated that stimuli over the various re- 
gions produced different results.^ Correlat- 
ing these observations with clinical results 
and information concerning other organic 


* Tlie authors are indebted to Kr. Edward A. 
Strecker, Professor of Payehiatry, University of 
Pennsylvania, who arranged for case ^ 

the Philadelphia ^7^,^ 

encouraging stimulation for this work. A few 
XLTeases were also treated at Pennsylvania 
TTnsnital for Nervous and Mental diseases. 

, S“ 

Physicians and Surgeons, New York. 


treatments used in mental disorders, has made 
possible some speculation concerning the 
factors which make electroshock treatment 
effective. It has also offered directions for 
further investigations into the mechanism of 
the psychoses. 

Sites for stimulation through the frontal 
area were chosen in accordance to external 
skull landmarks. Site A was high on 
Area 4 (Brodmann) just posterior to the 
interauricular line. Site B was roughly 
through Brodmann’s Area 11. Site C was 
roughly through Brodmann’s Areas 9 and 
10. Site D was a point midway between 
the orbit and auditory canal and 1 cm above 
the upper border of the zygomatic process. 
(Brodmann Area 38). 

Observations of results following stimula- 
tion of the selected sites will be presented 
according to; 

(A) Motor phenomena 

(B) Autonomic nervous system phenomena 

(C) Disturbance of intellectual function 

(D) Clinical results 

(A) Motor phenomena. Stimulation of 
Site A or Area 4 of Brodmann resulted in a 
typical tonic and clonic convulsion lasting 
40 seconds to one minute. Stimulation of 
the other sites produced with considerable 
regularity a single extension “jerk” of all 
extremities. 

(B) Autonomic nervous system phenom- 
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Fig. 1. 

A. Aver.ige cliange in blood pressure. B. Maximum change in blood pressure. 


ena. 1. Blood pressure (Eig. lA and IB). 

Site A — ^Ten stimulations with convulsion. 
There was a rise of sj^stolic and diastolic pres- 
sure in 2 cases and a fall in 8. Average systolic 
change was — ll.S mm; extremes -[-65 mm 
and — 50 mm. Average diastolic change 
— 0.5 mm; e.xtremes -}-40 mm and — 60 mm. 

The time at which blood pressure was re- 
corded in relation to the first deep respira- 


tion probably accounts for the inconsistent 
finding of 2 rises and 8 falls in pressure. 
With the cessation of respiration accompany- 
ing the tonic and clonic movements, there is 
a rise of pressure. With the first deep breath 
following the convulsion there is a rapid fall. 

Site B — ^32 stimulations; blood pressure 
increased in 2, dropped in 30; average 
systolic change — 23.6 mm; extremes — 60 
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action of cell-free Aerobactcr enzyme showed 
marked pathogenizing activity. The patho- 
genizing activity must be, therefore, an in- 
trinsic property of this levan. 

It is suggested that the pathogenizing ac- 
tivity of a polysaccharide is a function of 
patterns which are specific to the colloidal 
state. The activity depends only in minor 


degree on the structure, configuration and 
manner of linkage of the individual repeating 
unit or on the presence of polar groupings 
in the carbohydrate polymer. There is no 
consistent relationship between the viscosity 
of the injected carbohydrate solution and 
the pathogenizing activity which it manifests. 


15650 

Electroshock Therapy by Stimulation of Discrete Cortical Sites with 

Small Electrodes.*' 


Robert G. Heath! and Edward C. Norman. (Introduced by Fred A. IMettler.) 
From Pennsylvania Hospital for Xervoiis anri irental Diseases, Philadelphia, Pa. 


Among the many phenomena observ'ed 
during and following electroshock therapy are 
convulsion, loss of memory and profound 
stimulation of the autonomic nervous sys- 
tem. By using small electrodes (8 mm in 
diameter as contrasted to conventional elec- 
trodes of 5 cm2) it; was found that no con- 
vulsion resulted when the stimulus was ap- 
plied through regions some distance from the 
motor strip, although the current used was 
sufficient to produce convulsions when ap- 
plied to the motor strip itself. The conven- 
tional shock machine was used in the ex- 
periment. Fairly accurate control of cur- 
rent was possible by measuring the resis- 
tance of the subject. 

Some degree of localization of the stimula- 
tion was possible. Observations made fol- 
lowing stimulation of several chosen sites 
indicated that stimuli over the various re- 
gions produced different results. Correlat- 
ing these observations with clinical results 
and information concerning other organic 


i The authors are indebted to Dr. Edward A. 
recker. Professor of Psychiatry, Unirersity of 
■nnsylvania, who arranged for case material at 
e Philadelphia General Hospital and provided 
couraging stimulation for this work. A few 
lected Cals were also treated at Pennsylvania 
ospital for Nervous and Mental Diseases, 
t Cw at Department of Neurology, College of 
liysicians and Surgeons, New Tork. 


treatments used in mental disorders, has made 
possible some speculation concerning the 
factors which make electroshock treatment 
effective. It has also offered directions for 
further investigations into the mechanism of 
the psychoses. 

Sites for stimulation through the frontal 
area were chosen in accordance to external 
skull landmarks. Site A was high on 
Area 4 (Brodmann) Just posterior to the 
interauricular line. Site B was roughly 
through Brodmann’s Area 11. Site C was 
roughly through Brodmann’s Areas 9 and 
10, Site D was a point midway between 
the orbit and auditory canal and 1 cm above 
the upper border of the zygomatic process. 
(Brodmann Area 38). 

Observations of results following stimula- 
tion of the selected sites will be presented 
according to: 

(A) Motor phenomena 

(B) Autonomic nervous system phenomena 

(C) Disturbance of intellectual function 

(D) Clinical results 

(A) Motor phenomena. Stimulation of 
Site A or Area 4 of Brodmann resulted in a 
typical tonic and clonic convulsion lasting 
40 seconds to one minute. Stimulation of 
the other sites produced with considerable 
regularity a single extension “Jerk” of all 
extremities. 

(B) Autonomic nervous system phenom- 
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Fig. 1. 

A. Average change in blood pressure. B. ilaximnm change in blood pressure. 


ena. 1. Blood pressure (Fig. lA and IB). 

Site A — Ten stimulations with convulsion. 
There w^as a rise of systolic and diastolic pres- 
sure in 2 cases and a fall in 8. Average systolic 
change w'as — 11.5 mm; extremes -(-65 mm 
and — SO mm. Average diastolic change 
— 0.5 mm; e.xtremes +40 mm and — 60 mm. 

The time at which blood pressure was re- 
corded in relation to the first deep respira- 


tion probably accounts for the inconsistent 
finding of 2 nses and 8 falls in pressure. 

the cessation of respiration accompany- 
ing the tonic and clonic movements^ there is 
a rise of pressure. With the first deep breath 
following the convulsion there is a rapid fall. 

Site B— -32 stimulations; blood pressure 
increased in 2, dropped in 30; average 
systolic change —23.6 mm; extremes —60 


c 
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mm and -}-8 Average diastolic change 

— ^22.3 mm; extremes — 80 mm and -f-14 mm. 

Site C — 33 stimulations; average systolic 
change — 1.4 mm; extremes -j-SO mm and 
— 40 mm. Average diastolic change — 2.0 
mm; extremes +30 mm and — IS mm. 

Six patients were stimulated in both Site 
B and Site C. In 3 of these cases Site B 
stimulation produced a fall, whereas C caused 
a rise. In the other 3 patients a drop was 
recorded after stimulation over both Site 
B and Site C. The fall after stimulation of 
Site B was, however, considerably greater. 

Site D — 7 stimulations. On S occasions 
there was no change. Twice the pressure 
dropped. Average change — 5 mm in both 
systolic and diastolic pressure; extremes — 20 
mm systolic and — 15 mm diastolic. 

Summary. Stimulation at Site B produced 
a marked depressor effect after 30 of 32 
stimuli. The effect of stimulation at Site C 
was not so consistent, the pressor response 
being noted with about the same frequency 
as the depressor. Over Site D there was 
no change in pressure following 70% of the 
stimulations. The effect of motor response 
on blood pressure changes is not important 
here as it was the same with e.\citation of 
each of the 3 sites. 

2. Pulse rate. Recordings of pulse fol- 
lowing stimulation of Site .A are of no value 
because of the accompanying convulpon. 
After stimulation of Site B in 10 patients 
the rate was slowed in 7 and increased in 3. 
In contrast, after stimulation at Site C the 
rate speeded in 7 and slowed in 3. The 
rate was consistently slowed in S cases stim- 
ulated over Site D. 

3 Pupillary response. Observations were 
made on 5 patients after stimulation at Site 
A and, on every occasion, the pupils were 
observed to dilate. Following stimulation at 
Site B, contraction was noted in 26 cas^ 
and dilation in but 3. Stimulation at Site C 
produced contraction in 22 cases and di a- 
tion in 23. Of 20 cases stimulated over 
Site D, 15 showed contraction and 5 dila- 


4. perioheral vasomotor reaction. During 
the 'convulsion following Site A stimulation, 
tie vasomotor reactions were not consistent. 


Usually, however, there was pallor immedi- 
ately after stimulation, followed in a few 
seconds by a generalized flush. Toward the 
end of the convulsion cyanosis set in; but 
was followed again by flush with the initial 
deep respiration. One hundred ten stimula- 
tions over Site B were followed in every case 
b}'- marked flushing of the skin. .Almost 
invariably lacrimation was also noted. In 
50 observations after stimulation at Site C, 
the flush w'as noted in two-thirds, but in 
the other one-third (15 cases) there was 
pallor of the skin. In 5 of the 15 cases 
w'hich showed pallor, there was also profuse 
sweating. Site D stimulation produced very 
little change in peripheral vasomotor status. 

5. Respiration. Slowing of respiratory 
rate, and often a period of prolonged apnea 
with mild cyanosis, was noted consistently 
following Site D stimulation. .As Area 6B 
(Brodmann) was approached, this became 
more pronounced. Bucy^ stimulated this 
area during a craniotomj^ on a patient and 
found that respiration temporarily ceased. 
His paper also refers to other work on cortical 
respiratory centers. Our findings support 
his conclusion that this area is a respiratory 
inhibitory center. It must, however, be con- 
sidered that the apnea may have resulted 
from spread to medullar}- centers. 

The only conclusion that can be drawn 
from these observations of autonomic phe- 
nomena occurring wdth focal stimulation of 
the brain through the skull is that there is 
a cortical autonomic level which when stim- 
ulated does e.xert a strong effect. The find- 
ing of different responses to stimulation of 
the various sites suggest localized areas of 
autonomic representation. However, by 
such diffuse stimulation one cannot hope to 
accurately localize autonomic function. 

(C) Disturbance of intellectual function. 
Immediate effects: Following conventional 
electroshock treatment the patient remains 
dazed for IS to 20 minutes. He has a 
blank, far away stare in bis eyes and does 
not respond to the usual stimuli. He is 
often restless, and thrashes about aimlessly 
in bed. At times there is rather violent 

I Buc}-, P. C., and Chase, T. J., J. S^ervous and 
ilentaJ Diseaxcs, 1930, 8i, 156. 
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motor activity. This marked confusion 
usuallv clears in 30 minutes to a few hours. 

review of the literature indicates that 
about 80% of cases develop a more lasting 
memory impairment which remains a few 
weeks to several months. Several authors"’^ 
have suggested that some intellectual impair- 
ment may be irreversible. A few cases® are 
cited in which disturbances of memoiy' re- 
main 2 to 3 years following treatment. 

Following stimulation over Site A (motor 
strip with convulsion) the recover}’ was more 
rapid. Patients could answer simple ques- 
tions in less than 5 minutes. They did not 
develop the same dazed, far away look 
nor the marked hj-perkinesia. 

.After stimulafion of Sites B and C patients 
complained of anxiety and discomfort and 
were reluctant to continue treatment. There 
was no evident intellectual impairment. 

Stimulation at Site D produced amnesia 
for several minutes. The patients appeared 
dazed and confused like those who had re- 
ceived conventional shock. The effect was, 
however, of shorter duration. 

(D) Clinical results. Site A — (motor 
strip) — Results from stimulation of this 
area were essentially the same as with con- 
ventional therapy (i.c., it was ver}' effective 
in the treatment of affective psychoses — 
involutionals and manic depressive - d e- 
pressed ) : with equivocal results in manic 
depressive — manic and schizophrenia. This 
method of administering convulsion did. we 
believe, possess an added advantage. Inas- 
much as there was little memoiyf loss and 
confusion, it was possible to administer psy- 
chotherapy in conjunction with electroshock 
therapy. 

-A case historj- will be briefly outlined to 
illustrate this: -A 27-year-old, white female 
with a history of a mild depression 2 years 
previously, from which she spontaneously 
recovered in the course of 6 months, wit- 
nessed the bombing of Pearl Harbor during 
which her fiance was killed. .After repatria- 
tion to the U. S. she spent 2 months nursing 
her fiance’s mother through a nervous break- 

- Lc\ 7 '. X. A., Scrota, H. il., .and Grinkcr, E. B., 
Arch. Xeiirol. and Fsycli., 1942, 47, 1009. 

3 Brody. M. B., J. 3[cn. Sci., 1944, 90, 777. 


down. She then took a job as stenographer 
at the San Diego Naval Base so as to be 
close to his friends. In an effort to forget 
she began to drink heavily and her morals 
became lax. (She had been raised strictly 
in the Catholic faith and attended Catholic 
boarding schools). Eventually pregnancy re- 
sulted and, taking the advice of a friend, 
she had an abortion performed. It was while 
convalescing from this that her psychosis de- 
veloped. taking the form of schizo-depression 
with auditory hallucinations, delusions of per- 
secution. self-abasement and attempted sui- 
cide. She entered the Pennsylvania Hos- 
pital a few days later and after the prelim- 
inary workup, electroshock treatments were 
begun. After 3 or 4 treatments she was so 
confused as to be unable to give her own 
name. .Although all symptoms of psj-chosis 
disappeared several additional treatments 
were given. .Appro.ximately 7 to 10 days 
after the last treatment the confusion began 
to subside but. as her memory returned and 
before it was possible to begin psychotherapy, 
the symptoms of the psychosis returned. 
This procedure was repeated twice more, i.c., 
treatment with improvement while confused, 
followed by relapse as memory returned. 
.After the third relapse, shock treatment was 
instituted with small electrodes over the mo- 
tor strip. No confusion or memory loss re- 
sulted and it was possible to administer 
psi’chotherapy shortly after the conclusion 
of the convulsion. The patient talked out 
her problems and remained well. 

Site B stimulation was considerably less 
effective than was stimulation which produced 
a generalized convulsion as with Site .A. Some 
patients, however, were benefited clinically 
and one made a complete recovery, but not 
until 20 to 25 treatments or many more than 
the customary number were given. 

Site C — Results of stimulation of this area 
were essentially the same as those obtained 
from stimulation of Site B. 

Site D — Stimulation of this area alone 
produced no clinical improvement. .Anah’sis 
of data thus far accumulated suggests that: 

1. -Amnesia is not necessary to produce 
clinical improvement. 

2. Respiratory complications can be les- 
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mm and +8 nim. Average diastolic change 
— 22.3 mm; extremes — 80 mm and +14 mm. 

Site C — 33 stimulations; average systolic 
change — 1.4 mm; extremes +50 mm and 
— 40 mm. Average diastolic change — 2.0 
mm; e.xtremes +30 mm and — 15 mm. 

Six patients were stimulated in both Site 
B and Site C. In 3 of these cases Site B 
stimulation produced a fall, whereas C caused 
a rise. In the other 3 patients a drop was 
recorded after stimulation over both Site 
B and Site C. The fall after stimulation of 
Site B was, however, considerably greater. 

Site D — 7 stimulations. On 5 occasions 
there was no change. Twice the pressure 
dropped. Average change — 5 mm in both 
systolic and diastolic pressure; extremes — 20 
mm systolic and — IS mm diastolic. 

Summary. Stimulation at Site B produced 
a marked depressor effect after 30 of 32 
stimuli. The effect of stimulation at Site C 
was not so consistent, the pressor response 
being noted with about the same frequency 
as the depressor. Over Site D there was 
no change in pressure following 70% of the 
stimulations. The effect of motor response 
on blood pressure changes is not important 
here as it was the same with excitation of 
each of the 3 sites. 

2. Pulse rate. Recordings of pulse fol- 
lowing stimulation of Site A are of no value 
because of the accompanying convulsion. 
After stimulation of Site B in 10 patients 
the rate was slowed in 7 and increased in 3. 
In contrast, after stimulation at Site C the 
rate speeded in 7 and slowed in 3. The 
rate was consistently slowed in S cases stim- 
ulated over Site D. 

3. Pupillary response. Observations were 

made on 5 patients after stimulation at Site 
A and, on every occasion, the pupils^ were 
observed to dilate. Following stimulation at 
Site B, contraction was noted in 26 cases 
and dilation in but 3. Stimulation at Site C 
produced contraction in 22 cases and dila- 
tion in 23. Of 20 cases stimulated oyer 
Site D, 15 showed contraction and 5 dila- 
tion. . . 

4. Peripheral vasomotor reaction. iJunng 
the convulsion following Site A stimulation, 
the vasomotor reactions were not consistent. 


Usually, however, there was pallor immedi- 
ately after stimulation, followed in a few 
seconds by a generalized flush. Toward the 
end of the convulsion cyanosis set in; but 
was followed again by flush with the initial 
deep respiration. One hundred ten stimula- 
tions over Site B were followed in every case 
by marked flushing of the skin. Almost 
invariably lacrimation was also noted. In 
50 observations after stimulation at Site C, 
the flush was noted in two-thirds, but in 
the other one-third (15 cases) there was 
pallor of the skin, fn 5 of the 15 cases 
which showed pallor, there was also profuse 
sweating. Site D stimulation produced very 
little change in peripheral vasomotor status. 

5. Respiration. Slowing of respiratory 
rate, and often a period of prolonged apnea 
with mild c 3 mnosis, was noted consistently 
following Site D stimulation. As Area 6B 
(Brodmann) was approached, this became 
more pronounced. Bucy^ stimulated this 
area during a craniotomj’' on a patient and 
found that respiration temporarily ceased. 
His paper also refers to other work on cortical 
respiratory centers. Our findings support 
his conclusion that this area is a respiratory 
inhibitory center. It must, however, be con- 
sidered that the apnea may have resulted 
from spread to medullarj'- centers. 

The onlj’' conclusion that can be drawn 
from these observations of autonomic phe- 
nomena occurring with focal stimulation of 
the brain through the skull is that there is 
a cortical autonomic lev'el which vv’hen stim- 
ulated does e.xert a strong effect. The find- 
ing of different responses to stimulation of 
the various sites suggest localized areas of 
autonomic representation. However, by 
such diffuse stimulation one cannot hope to 
accuratel}' localize autonomic function. 

(C) Disturbance of intellectual function. 
Immediate effects: Follovv'ing conventional 
electroshock treatment the patient remains 
dazed for 15 to 20 minutes. He has a 
blank, far away stare in his eyes and does 
not respond to the usual stimuli. He is 
often restless, and thrashes about aimlessly 
in bed. At times there is rather violent 

1 Bucy, P. C., .ind Oliase, T. J., J. Nervoxis and 
Mental Diseases, 1936, 84, 150. 
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TABLE I. 

Siiiiimnrr of Clinic, -il Bosults in Electro-sliock Trc.-itiiiciit with Siiinll Electrodes. 


Site 

.V 

Jt.anic Depressive-Depressed 

Miiltii>le 

B C D . stimuli 

A 

Involutional Melancholia 

Multiple 

BCD stimuli 

Well 

S 

G3% 

1 

12.0% 

0 

0 

0 

5 

83% 

1 

10% 

1 

10%, 

0 

0 

50% 

Improved 

2 

27"% 

4 

50 % 

3 

50% 

0 

0 

1 

17% 

O 

34% 

O 

34“%, 

0 

1 

25% 

aCo change 

Total Xo. of cases 

1 

10% 

3 

37.5% 

3 

50% 

100% 

1 

100% 

0 

3 

50%. 

3 

50% 

0 

100% 

1 

-.0 /C 

treated 

11 

S 

G 


1 

G 

G 

0 
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a private institution and felt any therapj' 
was preferable to state hospitalization. 

Treatment was begun in 1943. She 

received 7 stimuli on each of 34 consecu- 
tive days, exclusive of Sunday, the first being 
directed through Site D so as to produce 
amnesia for the treatment. At the end of 
these periods all symptoms of her illness sub- 
sided and shortly she was discharged to her 
daughter. Regular follow-up letters indicate 
she continues to remain well. 

Analysts of results of multiple stimuli. Al- 
though our cases are too few in number to 
permit definite conclusions the evidence is 
sufficient to make the following statements: 

1. With multiple stimuli to that part of 
the frontal corte.x that has autonomic repre- 
sentation the results appear to be better 
than w'ith single stimulation. 

2, The increased percentage of cures tends 
to support our hypothesis that stimulation 
of the autonomic nervous sj'stem may pla}' 
a large role in the clinical results in electro- 
shock therapjL 

Other evidence to indicate the role of the 
autonomic nervous system in mental disor- 
ders. 

1. The suggestion emphasized by these 
procedures, that the autonomic nerr-ous sys- 
tem plays a major role in the affective mental 
disorders, is supported by frequent reports 
of findings of altered autonomic function in 
these psjxhoses. For e.xample, in the in- 
volutional case there is insomnia, agitation, 
often elevated blood pressure, inabilit 3 ’^ to 
eat, etc. .Altered autonomic functions in 
depressed cases are also well known. 

2. Clinical results reported with electro- 
narcosis are at least as favorable as those 


reported with electroshock in the treatment 
of the affective disorders and are considera- 
bh’’ better in the treatment of schizophrenia. 
In electronarcosis a smaller current than that 
used in electroshock is administered over a 
prolonged period. (60-cj'cle a.c. machine — 
initial current of 150 to 250 milliamperes for 
30 seconds then decrease to level which per- 
mits respiration i.e., 45 to 90 m.a. for up to 
20 minutes). Frostig cf al.° describe au- 
tonomic effects, motor phenomena and loss 
of consciousness with this procedure. The 
motor effects are perhaps less pronounced 
than with electroshock. There is an initial 
extensor spasm, then a few tonic and clonic 
movements, after which all variation betw’een 
narcosis and marked h 3 q)erkinesia are seen 
for the duration of the treatment. The 
autonomic effects are quite variable. They 
are much more prolonged than with electro- 
shock (dependent upon duration of treat- 
ment). The electrodes used in this treat- 
ment are 5 cm x 5 cm and the placement is 
over the temporal region. An extensive area 
of the brain is, therefore, stimulated much 
as in conventional electroshock. 

3. Lobotomy, another effective form of 
treatment of the ps 3 ^choses is directed toward 
affecting the autonomic nervous S3'stem. B3^ 
this procedure pathwa 3 's are cut which link 
the prefrontal cortex with the thalamus and 
lower centers, thereby isolating the autonomic 
cortex. Watts and Freeman" in describing 


G Frostig, J. P., Y.an Harrereid, A., Eeznick, S., 
Tylor, D. B., amt Wiersma, C. A. G., Jrdi. Xeiirol. 
aiirj Psych., 1944, 51, 232. 

I Freeman, W., and Watts, J. W., Tr. X. T. 
Acad. Sci., 1944. C, 284. 
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sened by avoiding Area 6B (Brodmann), the 
cortical respiratory inhibitory center. 

3. Some benefits are derived from stimula- 
tion through the frontal lobes without con- 
vulsion, although results are considerably be- 
low those achieved with convulsion. 

4. Stimulation through Site D (temporal 
cortex, basal ganglia and hypothalamus) 
which produced memory loss but little ef- 
fect on the autonomic nervous system (ex- 
cept pupillary responses) resulted in no 
clinical improvement. 

Frontal lobe stimulation (at Sites B and 
C) produced some clinical improvement. It 
was, however, considerablj^ less effective than 
motor strip (Site A) stimulation. The au- 
tonomic nervous system was affected in stim- 
ulation of all these sites. The autonomic 
cortex is reported to extend from the central 
sulcus anteriorly to the frontal pole.^'^ There 
is a marked difference in the duration of the 
effects of the stimulus in these 2 regions. 
When Sites B and C were stimulated the ef- 
fect was for the duration of the stimulus only 
(0.3 to 0.6 second). When Site A was stim- 
ulated producing a convulsion there was a 
spread of the excitation over the entire motor 
strip and it continued throughout the con- 
vulsion (45 sec. to 1 min.) 

It seemed possible, therefore, that profound 
excitation of the autonomic nervous system 
might be the reason for clinical improvement. 
If this were the case, it might be possible 
to obtain autonomic stimulation and, there- 
fore, clinical improvement without convul- 
sion by repeated stimulation through the 
frontal lobe anterior to the motor strip. 

In an effort to further investigate this as- 
sumption repeated stimuli were given through 
the frontal lobes anterior to the motor strip. 
In this way more prolonged autonomic stim- 
ulation could be obtained, still without con- 
vulsion, and if the foremen tioned specula- 
tions were correct, that clinical results were 
obtained from excitation of the autonomic 
nervous system, our percentage of cures 

M. A., Illinois Monographs in the 

Medical Sciences, 1914, 4, 295. 

5 Pulton .1. P., Physiology of the Xervons Sys 
tern, second edition, Kew York, 0..ford University 

Press. 


should have increased. 

Six stimuli about 10 seconds apart were 
administered throughout the frontal area. 
The first patient resented this treatment and 
refused to permit it because of the intense 
anxiety produced by each shock (as men- 
tioned above in discussion of results of Site 
B and C stimulations). To overcome this 
complication we first stimulated Site D. 
Amnesia resulted and, thereafter, the patient 
had no recollection of the treatment and sub- 
mitted uncomplainingly (much as in conven- 
tional therapy) to further stimulation at oth- 
er sites. 

Before results are discussed it should be 
pointed out that even with 6 shocks of O.S 
second each, the duration of autonomic ex- 
citation is considerably less than that seen 
in the generalized convulsion (45 sec. to 1 
min.) 

Table I gives a comparison of the clinical 
results obtained with stimulation of the vari- 
ous sites. The one manic depressive-de- 
pressed case treated unsuccessfully with mul- 
tiple stimuli was subsequently given a full 
course of conventional shock treatment with 
no improvement. He wms transferred to a 
state institution. 

Case history to illustrate this procedure. 
A -hP-year-old, white female. Prepsychotic 
personality; meticulous, rigid. Married but 
not happy; 2 children. Because of financial 
difficulties after husband’s death, lived with 
sister for 5 years before onset of illness. Did 
not get along with sister. 

Present illness. Ostensibly precipitated by 
a flood which damaged her home in Janu- 
ary 1943; became extremely agitated and 
depressed; threatened suicide; self-accusa- 
tory , believed herself destitute and penniless; 
entered Pennsylvania Hospital March 1943. 

^ Physical examination. 1. Old fracture of 
right hip with shortening of right leg. 

2 . Hypertrophic arthritis. 

X-ray of spine; Degenerative changes and 
narrowing of discs. 

X-ray of hip; Old osteochondritis with 
obliteration of the joint space. 

Orthodox shock therapj^ was advised 
against by the roentgenologist. The family 
could ill afford prolonged hospitalization in 
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Determinations of blood sugar were made 
routinely by the micro procedure of Folin 
and Malmros" and in one instance (Rabbit 
No. 1) checked by a micro copper method 
referred to in an earlier paper.® 

The chemical relationship between alloxan, 
dialuric acid and alloxantin is shown in the 
formulas below: 
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Dialuric acid is a reduction product of 
alloxan and may be oxidized to alloxan. That 
oxidation of dialuric acid to alloxan occurs 
easily in very dilute solutions in the presence 
of air has been emphasized by .Archibald.® 
However, by applying .Archibald’s differenti- 
ating phosphotungstic acid test* to a warm 
1.5% solution of dialuric acid (the concen- 
tration used in the experimental work) we 
have found less than 10% oxidation to al- 
loxan occurring during the first 15 minutes 
at room temperature and only about 20% 
during a half hour at room temperature and 
reheating. 

These results indicate that a solution of 
dialuric acid prepared as indicated contains 
during the first 30 minutes after its prepara- 
tion at least 80% dialuric acid and probabl}' 
no more than 10-20% alloxan. 

Results. Chemical. The blood sugar re- 
sults of the animals injected with 250 or 
200 mg/kg are shown in Fig. 1. Three of 
these rabbits developed severe diabetes, one 
(No. 3) developed an initial blood sugar 


r Folin, 0., and llalmros, H., .I. DioJ. Chem., 
1920, 83, 11,S. 

s Lcceli, It. S., and Bailey, C. C., J. BinJ. Chem., 
iota, 157, n25. 

!> .Archibald, It. 51,, J. Biot. Chem., 1945, 158, 347, 


cun'e similar to the alloxan-injected animal 
but died 12 hours after the injection. Rab- 
bit No, 5, though showing an initial hx'per- 
glycemia, did not develop diabetes. 

Rabbits No, 6, No, 7 and No, 8, injected 
with 150 mg/kg, did not develop diabetes. 
No, 8 showed a tendency toward the transitory 
type of diabetes with one blood sugar of 
278 mg % on the third day following injec- 
tion, but a glucose tolerance on this rabbit 
40 days after the injection was normal. 
These results suggest that the rabbit re- 
quires a slightly larger dose of dialuric acid 
to produce permanent diabetes than of al- 
loxan, If dialuric acid is given in 200-250 
mg/kg doses, however, the blood sugar 
changes produced seem to parallel those ob- 
served in allo.xan-injected animals. 

Histology. Pauereas. The early stages of 
the pancreatic lesion were not studied since 
our purpose was to compare the fully de- 
veloped lesions due to dialuric acid and to 
alloxan. The pancreas of the rabbits ren- 
dered diabetic by the injection of dialuric 
acid was characterized by paucity of islets 
and the small size of those remaining. A 
large percentage of the islets had disappeared 
completely. Their former sites were identi- 
fied only with difficulty, being marked only 
by small masses of connective tissue without 
inflammatory' cellular infiltration or residual 
traces of islet cells. In those islets which 
remained, the beta cells had entirely disap- 
peared without concomitant infiltration with 
lymphocytes or polymorphonuclear leuko- 
cytes. Occasional alpha cells of normal 
morphology? were seen, but more numerous 
alpha cells had py'knotic nuclei and agranular 
cytoplasm at the stage studied. The acinar 
and ductile tissues, stroma and blood vessels 
of the pancreas were within normal limits. 
The lesion was thus extremely similar to 
that seen in the pancreas in alloxan dia- 
betes,^® the only distinction being that some 
degenerating islet cells were present even 
when the rabbits were well established in 
diabetes. 

Kidneys. There was considerable damage 


10 Bailey, 0. T., Bailey, C. C., and Hagen, 'W. 
Am. J. Med. Sci., 1944, 208, 450. 
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the operation state that immediately there 
is a disappearance of nervous tension. Al- 
though memory is intact and conflicts still 
exist, they cause little concern. They report 
their patients are able to formulate ideas 
but lack the accompanying emotional drive 
that is necessary to put them into effect. As 
a result their productivity is usually markedly 
impaired. 

Summary. By using small electrodes in 
electroshock treatment it was possible to lo- 


calize the stimulation sufficiently to separate 
some of the manj^ phenomena that occur vith 
conventional electroshock therapy. The 
small amount of data thus far accumulated 
'seems to indicate: (1) Memory loss and 
convulsion are probably not necessari' to 
produce clinical improvement. (2) Stimula- 
tion of cortical autonomic centers seems to 
be the most important factor in producing 
clinical improvement in the affective disor- 
ders with electroshock. 


15651 

Diabetes Alellitus in Rabbits Injected with Dialuric Acid.^ 

C. Cabell Bailey, Orville T. Bailey, and Rachel S. Leech. 
(Introduced by Elliott P. Joslin.) 

From the George F. Snl'cr Clinic, Xew England Bcaeonass Ilnspilnl, and the Vcpnrlment of 
Faihology, Harvard Medical School. 


Since the discovery that allo.xan produces 
diabetes when injected into animals^-"' other 
chemically related substances have been 
studied for possible diabetogenic action. Un- 
til recently no chemical with such action has 
been found. 

Koref, Vargos, Rodriguez and TelchP re- 
ported the production of diabetes with al- 
io.xantin and confirmation of this work has 
already been published from this laboratory.^ 
Recent!}', Bruckman and Wertheimer® have 
found that besides alloxantin methylallo.xan, 
dialuric acid, methyl dialuric acid and 
dimethyl alloxantin produce diabetes when 


• T)ii.s investigation lias been aided by a grant 
from the American Cyanamid Company, wlio also 
supplied the dialuric acid. 

1 Bailey, C. 0., and Bailey, 0. T., J. A. M. A., 
1943, 123, 1105. 

2 Goldner, M. G., and Gomori, G., Endocrinology, 
1943, 33, 297. 

.1 Dunn, J. S„ and McLetchie, N. G. B., Lancet, 


1943 3- 384. 

4 Koref O., Vargos, L., Rodriquez, P. H., and 

oBruekmaim, G., ana 


1945, 153, 267. 


injected into rats. The present investiga- 
tion reports the production of diabetes in 
the rabbit with dialuric acid and compares 
the diabetes so produced, clinically and his- 
tologically, with the diabetes produced with 
alloxan. 

Experimental. Eight chinchilla male rab- 
bits each weighing 1500-2000 g were injected 
intravenously with dialuric acid in doses of 
ISO, 200 or 250 mg per kg. The rabbits 
were not fasted at any time during the e.x- 
perimental period and in all but one in- 
stance the injection was made with the ani- 
mal under nembutal anesthesia. Anesthesia 
seemed advisable since the dialuric acid was 
injected as a hot solution, owing to its in- 
solubility at lower temperatures. 

The solution of dialuric acid was prepared 
as a 1.5% solution in nearly boiling distilled 
water. The solution was cooled to a tem- 
perature of 40°-50° C and injected imme- 
diately. It was found necessary to keep the 
solution at this temperature to avoid re- 
crystallization of the dialuric acid which tend- 
ed to occur at room temperature. 

Blood samples were taken from the ear 
veins before and at frequent intervals fol- 
lowing the injection of the dialuric acid. 
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Determinations of blood sugar were made 
routinely by the micro procedure of Folin 
and IMalmros" and in one instance (Rabbit 
No. 1) checked by a micro copper method 
referred to in an earlier paper.® 

The chemical relationship between alloxan, 
dialuric acid and alloxantin is shown in the 
formulas below: 
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Dialuric acid is a reduction product of 
alloxan and may be oxidized to alloxan. That 
oxidation of dialuric acid to alloxan occurs 
easily in very dilute, solutions in the presence 
of air has been emphasized by .\rchibald.'‘ 
However, by applying .Archibald’s differenti- 
ating phosphotungstic acid test® to a warm 
1.5% solution of dialuric acid (the concen- 
tration used in the experimental work) we 
have found less than 10% oxidation to al- 
loxan occurring during the first 15 minutes 
at room temperature and only about 20% 
during a half hour at room temperature and 
reheating. 

These results indicate that a solution of 
dialuric acid prepared as indicated contains 
during the first 30 minutes after its prepara- 
tion at least 80% dialuric acid and probably 
no more than 10-20% alloxan. 

Results. Chemical. The blood sugar re- 
sults of the animals injected with 250 or 
200 mg /kg are shown in Fig. 1. Three of 
these rabbits developed severe diabetes, one 
(No. 3) developed an initial blood sugar 

r Folin, O., and llalmros, II., ,T. Biol. Chem., 

men, ss, iis. 

s IjopcE, E. S., and Bailey, C. C., .1. Biol. Chem., 
1945, 1,>7, 525. 

0 Areliibald, R. M., J. Biol. Client., 1945, 158, 347. 


curve similar to tlie alloxan-injected animal 
but died 12 hours after the injection. Rab- 
bit No. 5, though showing an initial hi'per- 
glycemia, did not develop diabetes. 

Rabbits No. 6, No. 7 and No. 8, injected 
with 150 mg/kg, did not develop diabetes. 
No. 8 showed a tendency toward the transitory 
U’pe of diabetes with one blood sugar of 
278 mg % on tlie third day following injec- 
tion, but a glucose tolerance on this rabbit 
40 days after the injection was normal. 

These results suggest that the rabbit re- 
quires a slightly larger dose of dialuric acid 
to produce permanent diabetes than of al- 
loxan. If dialuric acid is given in 200-250 
mg/kg doses, however, Uie blood sugar 
changes produced seem to parallel those ob- 
served in alloxan-injected animals. 

Histology. Pancreas. The earlj" stages of 
the pancreatic lesion were not studied since 
our purpose was to compare the fully de- 
veloped lesions due to dialuric acid and to 
alloxan. The pancreas of the rabbits ren- 
dered diabetic by the injection of dialuric 
acid was characterized by paucity of islets 
and the small size of those remaining. .A 
large percentage of the islets had disappeared 
completely. Their former sites were identi- 
fied only with difficulty, being marked only 
by small masses of connective tissue without 
inflammatory cellular infiltration or residual 
traces of islet cells. In tliose islets which 
remained, the beta cells had entirely disap- 
peared without concomitant infiltration with 
lymphocytes or polymorphonuclear leuko- 
cytes. Occasional alpha cells of normal 
morphology were seen, but more numerous 
alpha cells had pyknotic nuclei and agranular 
cc'toplasm at the stage studied. The acinar 
and ductile tissues, stroma and blood vessels 
of the pancreas were within normal limits. 
The lesion was thus extremely similar to 
that seen in the pancreas in alloxan dia- 
betes,^® the only distinction being that some 
degenerating islet cells were present even 
when the rabbits were well established in 
diabetes. 

Kidneys. There was considerable damage 


10 B.iilpy, O. T., Bailey, C. C., and Hagen, IV. H., 
-4m. J. Med. Sci., 1944, 208, 450. 
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Diabetes Meleitus and Dialuric Acid 


Diabetes in. Rabbits injected with DialuricAcid 



he renal convoluted tubules. The tubular 
helia cells were swollen and the nude, 
nany of them were pyknotic. They con- 
ed protein precipitate. The glomeruli 
.olufed tubules, pelvic epitohum and 
vessels were withm normal limits Ihe 

;^JeTol Ita 


to that seen in alloxan diabetes. Since the 
extent of the kidney changes varied con- 
siderably in our large series of rabbits with 
alloxan diabetes, it is difficult to compare 
the degree of renal injury resulting from the 
injection of the 2 substances. In the ma- 
terial at hand, the renal changes due to 
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dialuric acid seemed to be at least as great 
and possibly greater than those produced by 
alloxan. 

Other Organs. The liver vas somewhat 
congested, but there was no fatty infiltration. 
Other organs contained no lesions not found 
in control animals. 

The adrenal showed no infiltration ynth 
pohmiorphonuclear leukocytes or other path- 
ologic changes. 

In Rabbit No. 3, which developed severe 
hypoglycemia and died during the night after 
injection of dialuric acid, the lesions were 
at an earlier stage than those of the diabetic 
animals. In many islets the central beta 
cells were pyknotic and the cytoplasm 
agranular, while some alpha cells at the 
periphery were essentially normal. In other 
islets all the cells had pyknotic nuclei, .^gain 
the degeneration and disintegration of the 
islet cells were unaccompanied by infiltra- 
tion of inflammatori-^ cells. The histologic 
features of other organs were similar to those 
already described in the diabetic animals. 

The rabbit which developed transitory dia- 
betes (No. 8) showed much less marked 
changes in the pancreatic islets. The alpha 
cells and many of the beta cells were normal 
in appearance. Some of the beta cells were 
pyknotic, while others were judged to have 
disappeared, since they were less numerous 
than in control rabbits. There was no in- 
flammatory cellular infiltration. No hj^- 
droptic degeneration or mitoses were seen 
in the islet cells. The epithelial cells of 
the convoluted tubules of the kidnej^ were 
swollen but there was less pyknosis and less 
protein precipitate in the lumen than in the 
diabetic animals. 

In the rabbits (No. 5, 6, 7) not developing 
diabetes, either permanent or transitory, 
there were only a few pyknotic beta cells in 
some of the pancreatic islets and the other 
pancreatic changes were absent. The degree 
of renal damage, however, was as great as 
in the rabbits developing transitory diabetes. 

These studies have been based on tissues 
fixed in acetic Zenker’s solution and stained 
with phloxine-methylene blue and with 
Gomori’s method for the cells of the pan- 
creatic islets. 


Discussion. Clinicallj^ the diabetes pro- 
duced in rabbits by dialuric acid and by 
alloxan was identical except for the fact that 
a slightN larger dose is necessary when em- 
ploying dialuric acid. 

The triphasic blood sugar curve consisting 
of an initial transitory hypergljmemia followed 
by hx^ioglycemia and finally a permanent 
h 3 'perglycemia or diabetes is found after the 
injection of either dialuric or alloxan. Per- 
manent diabetes maj"^ be produced with either 
drug and with the use of smaller doses 
transitorj' diabetes maj^ occur. 

The histologic changes described as the re- 
sult of injection of dialuric acid are closely 
similar to those due to the injection of al- 
loxan. The few variations mentioned are 
trifling when considered from the functional 
point of view. The cardinal features of al- 
loxan diabetes in the rabbit — necrosis of islet 
cells with survival of a few alpha cells, mod- 
erate to mild injurj' to the renal convoluted 
tubules, with only minor changes in other 
organs — are duplicated in dialuric acid dia- 
betes. Such evidence as can be gleaned 
from these experiments suggests that dialuric 
acid diabetes, like allo.xan diabetes, is due 
to a lesion of the islets of Langerhans, which 
is degenerative from its inception. 

Since dialuric acid may be obtained as a 
reduction product of alloxan, it might be 
questioned whether one of these substances is 
converted into the other in the body of the 
experimental animal before the lesions are 
initiated. The present series of experiments 
throw's no light on this question other than 
to indicate that the lesions caused by the 
2 substances are similar and are consistent 
with either view. 

Dialuric acid is not recommended as a sub- 
stitute for alloxan as an experimental technic 
for the production of diabetes, because it 
must be injected in a warm solution owing 
to its low' solubility. Except for the extra 
labor involved, however, dialuric acid and 
alloxan ma}' be regarded as interchangeable 
as diabetogenic agents. 

Summary. Dialuric acid when injected in- 
travenously into rabbits produces diabetes 
w'hich is indistinguishable clinically or path- 
ologically from alloxan diabetes. 
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Action of Urea and Some of Its Derivatives on Bacteria. V. Antibacterial 
Activity of Methyl- and Thiourea.* 


Louis Weinstein. (Introduced by C. S. Keefer.) 

From the Evans Memorial, Massachusetts Memorial Hospitals, and the Department of Medicine, 
Doston Vniversity School of Medicine, Boston. 


It has been reported^"’’* that urea and 
urethane are highly bacteriostatic and bac- 
tericidal for many Gram-negative and sever- 
al Gram-positive organisms, potentiate mod- 
erately the activity of sulfonamides, inhibit 
/>-aminobenzoic acid moderately, and increase 
the solubilit}" of sulfanilamide and sulfathia- 
zole. To determine whether increased bac- 
teriostatic potency results from substitution 
of one of the NHo groups in urea by — CHs 
radicals, as was suggested by the superiority 
of urethane over urea, other derivatives of 
carbamide were investigated. The present 
paper deals with a study of antibacterial 
and anti-/>-aminobenzoic acid activity of 
methyl and thio derivatives of urea, the 
—CHs group replacing one — NHj in the 
first compound and — S being substituted 
for the =0 in urea in the second. 

A review of the literature reveals no in- 
formation concerning the activity of methyl 
urea against microorganisms. Thiourea is 
reported^ to be antibacterial and to increase 
the effectiveness of sulfathiazole. This action 


was thought to be synergistic. 

Methods. The methods used in the studies 
described in this paper are similar to those 
detailed in the previous ones of this series 
and, therefore, will not be described here. 
Veal-infusion broth ivith added horse serum 
is designated as VIB-S. The pH of Sfc 
methyl- and thiourea solutions in VIB-S was 
found to be 7.2 to 7.25. 

Resiilfs. I. The Bacteriostatic Effects oj 
Methyl Urea. A study of the bacteriostatic 
effect of methyl urea in amounts varidug 
from 2 to 8^ in VIB-S revealed that a con- 
centration of appro-ximatel}' 6% produced 
suppression of groivth of several Gram-nega- 
tive organisms. Ps. aeruginosa was complete- 
ly inhibited by a 4% solution of the drug. 
Moderate bacteriostasis of E. coli, S. schott- 
mulleri, P. vulgaris, and E. typhi resulted 
from exposure to 5% methyl urea. P. vul- 
garis was partially inhibited by 6% and an 
8% solution completely arrested growth for 
96 hours. 

In a synthetic medium,® the concentration 


TABLE I. 

foct of Varying Concontr.-ition.s of ^^tetliyl Vrea on Growil. of \ 


.inoiis OiKjiiiisms in Different itedin. 


Concentration carbamate 

Grow til at various periods 


6 % 


5 % 


4% 


3% 


[edium 


Organisms inoculated l,rs 48 9C 48 .06 4S 90 4S~l;6 


-% Xo drug 


4S 9C 


R-S E. coli — 0500 

.S', schottnudleri — 1050 
Ps. aeruginosa — 29,000 
P. vulgaris* — 34,000 
F. typhi — 525 

edhnn E. coli-22,000,000 


0 3-)- 2+ i+ 4-j. 4.^ ^ , 

0 U 0 2-f 1+ 3-f 44- 44- 4_j_ 4 , + + 

0 0 0 0 0 0 14- 34- 4+ 4+ ;t it 

0 24- U- 44- 44- 44- 4+ 44- 4+ 4 + tt ft 

0 0 0 0 0 0 14- 34- 34- 4+ it It 

^ 44- 44- 44, 


0 0 


4-f 


Ion Eeselh Foundation, New Brunsw.cK, 

40, 54, ll'^- 


3 Weinstein, L., .and McDonald, A., J. 

1946, 64, 131. 

4 Lee, S. W., Epstein, .T. A., and Poley^ j 

Proo. Soo. Exp. Biol, and Med., 1943, 54^ ’’ 

BTsueluya, H. M., Tencnberg, D. J., citk w 
G., and Str.akoscli, E. A., Proo. Soc. Exp. 

AND Med., 1942, 60, 262. 
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TABLE n. 


Effect of Tivo Coiiccntrntions of ^fetliyl Erc-n on A'arving Amounts of Para-Aiuinolienzoic Acia 

in VIB-S.‘ 

Inoculum of E. coli — 810,000 or|ranisms. 


Cone, of 
methyl urea, 

Sulfanilamide p-aniinnlnmzoic acid 
mg/100 ml mg/100 ml 



Growth 

(hr) 



"24 


48 

72 

oo' 

O 



— 


4+ 


4+ 

4+ 

4+ 


4 

— 

— 


4+ 


4+ 

4+ 

4+ 



Id 

0.001 


0 


0 

0 

3+ 




15 

0.0025 


0 


0 

3 + 

4-r 


— 

15 

0.005 


0 


3+ 

4+ 

4+ 




15 

0.0075 


0 


4+ 

4+ 

4-h 


— 

15 

0.01 




4+ 

4+ 

4-h 




15 

0.025 


4+ 


4+ 

4+ 

4+ 


— 

15 

0.05 


4+ 


4+ 

4+ 

4-f 


— 

15 

1.00 


4+ 


4-1- 

4+ 

4+ 



15 

2.50 


44 - 


4+ 

4+ 

4-f 


o 

15 

0.001 


0 


0 

0 

0 


o 

15 

0.0025 


0 


1+ 

4+ 

4+ 


2 

15 

0.005 


0 


3+ 

4+ 

4-f 


o 

15 

0.0075 


1+ 


■i"r 

4+ 

4-f 


o 

15 

0.01 


2+ 


44- 

4+ 

4-f 


o 

15 

0.025 


3+ 


4-r 

4+ 

4-f 


o 

15 

0.05 


4+ 


4+ 

4+ 

4-f 


o 

15 

2.50 


44* 


44 * 

4+ 

4-f 


4 

15 

0.001 


0 


0 

0 

1-f 


4 

15 

0.0025 


0 


0 

0 

2-f 


4 

15 

0.005 


0 


0 

3+ 

4-f 


4 

15 

0.0075 


0 


1+ 

4+ 

4-f 


4 

15 

0.01 


0 


2+ 

4+ 

4-f 


4 

15 

0.025 " 


0 


2+ 

4+ 

4-f 


4 

15 

0.05 


0 


2+ 

4+ 

4-f 


4 

15 

0.75 


0 


2+ 

4-}- 

4-f 


4 

15 

0.10 


0 


3+ 

4+ 

4-f 


4 

15 

2.50 


0 


3+ 

4+ 

4-f 


— 

— 

2.50 


4+ 


4+ 

4+ 

4-f 


O 

15 




0 


0 

0 

0 


4 

15 

— 


0 


0 

0 

0 


— 

15 

— 


0 


0 

0 

0 


— 

— 

— 


4+ 


4+ 

4+ 

4-f 




TABLE III. 







Bacteriostatic Effect of Tliiourca in Serum-A*eal-Inf usion Medium. 





Concentration of thiourea. 






Growth at various periods 




Organisms. 


None 2% 


1% 


0. 

5% 

0. 

25% ' 










No. in inoculum 

hrs 

48 96 48 

96 

48 

96 

48 

96 

48 

96 

E. coli — 3250 


4+ 4+ 0 

0 

0 

0 

1 + 

1+ 

3-f 

4-f 

S. aurcns — 2400 


4+ 4+ 0 

0 

0 

1+ 

1 + 

3+ 

4-f 

4+ 


of methyl urea required to suppress growth 
of E. coli was found to be less than that 
necessary in VIB-S. 

A study of the potentiating effect of methyl 


urea on sulfanilamide in a synthetic medium, 
using E. coli as the test organism, revealed 
that a 2% concentration of the carbamate 
produced no apparent increase in activity^ of 



508 


Tocopherol and Protein Interrelation 


the sulfonamide. Four per cent methyl urea 
was bacteriostatic when used alone and any 
stimulation of the activity of sulfanilamide 
by it could, therefore, not be determined. 

II. The Effect oj Methyl Urea on Para- 
amhiobcnzotc Acid. ' A 2% concentration of 
methyl carbamate did not inactivate />-amino- 
benzoic acid. Four per cent was moderately 
effective, the sulfonamide-inhibiting substance 
being inactivated in amounts as large as 
0.1 mg per 100 ml for 24 hours. As with 
urea and urethane, the anti-PABA activity 
of methyl urea appeared to be of short dura- 
tion. 

III. The Bacteriostatic Effects oj Thiourea. 
A 2% concentration of thiourea inhibited 
growth of 5. aureus for 96 hours, 1 % for only 
48 hours. Quantities less than 1% were in- 
effective. One per cent thiourea suppressed 
completely the multiplication of E. coli. 

Summary and Discussion. Methyl urea 
was found to be bacteriostatic for several 
Gram-negative bacteria in both VIB-S and 
in a synthetic medium. The concentration 
of drug required to suppress growth varied 
somewhat with each organism, but it ranged 
generally between 6 and 8% except for Ps. 
aeruginosa, which was inhibited by a 4% solu- 
tion. The activity of the drug in a synthetic 
medium was greater than in VIB-S. 


The substitution of one — NHj in carba- 
mide by a single — CH3 group increased the 
activity of urea verj"- little since approxi- 
mately the same concentrations of the 2 com- 
pounds were required to inhibit the growth 
of bacteria. Urethane, as previous^ report- 
ed, ivas more highly bacteriostatic than either 
urea or methyl urea. It would appear, there- 
fore, that the insertion of — CHoCH;! in place 
of one — ^NHn in urea results in greater ac- 
tivity than that following the addition of 
onlj' a single carbon atom. As shown by 
the few data presented, the replacement of 
=0 by — S in the urea molecule is appar- 
ently very effective in increasing its anti- 
bacterial properties since a 1% concentration 
of thiourea produced appro-ximately the same 
results with E. coli as 3% urethane or 6 fo 
urea. 

Conclusions. 1. hlethyl- and thiourea 
are bacteriostatic for Gram-negative bacteria. 
2 . The substitution of an — ^NHa group by 
— CHs in urea results in no demonstrable 
increase in antibacterial activity. 3. The re- 
placement of the =0 group in urea by — S 
increases markedly the antibacterial activity. 
4. Methyl urea, in the concentrations studied, 
does not potentiate the sulfonamides. It 
does have a moderate antagonistic effect on 
/'-aminobenzoic acid. 
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Interrelation BeUveen a-Tocopherol and Protein Metabolism: Body Weight 
and Tooth Pigmentation of Rats.* 


E. L. Hove. (Introduced by Philip L. Harris.) 

From the Fcscarch Laloraiones of Distillation FroHucts, Inc., Rochester, X. r. 


A relation between vitamin E and protein 
netabolism has been suggested in 3 reports 
n the literature. Cerecedo and Vinson^ ob- 
;erved that a 58^0 litter Incidence of w^ean- 
ing paralysis in mice was reduced to UJo 
jy^increasing th e casein m the diet of the 

* Commuiucation Xo. lOG. 

1 Cer«e,to, L. E., and Vmson, L. J., M. Froc., 
1944, 3, 55. 


mothers. 

Dam- noted that when rats were placed 
upon a low-protein diet, the group receivin'^ 
a-tocopherol survived someivhat longer than 
the E-free controls. How'ever, the rate of 
body weight loss was the same in the 2 
groups, and the E-fed group had a lower 

~2D,nn, H., Proc. Soc. Exp. Biol, and 
1944, S5, 55. 
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body ■sveight at death. Victor and Pappen- 
beimer,® on the other hand, reported a verj' 
marked effect of tocopherol in conserrdng 
the bodj" weight of rats on a low-casein diet. 
This work is complicated b\- the fact that 
a cirrhosis-producing diet (low choline as 
well as low casein) was used. The effect of 
tocopherol possibly could have been related 
to the altered metabolism in the cirrhotic 
state. 

Since these 2 reports appear to be con- 
tradictor}' in some respects, we have repeated 
the work of Victor and Pappenheinier using 
equalized feeding of a diet low in casein but 
otherwise nutritionally adequate. 

Fifty-four male weanling rats from the 
Stock colony were placed upon a vitamin E- 
free diet of the following composition; crude 
casein, 22.5: sucrose. 63; salt mi.vture USP 
No. 2, 4.5; and lard. 10. B-comple.v vita- 
mins were added to the casein to furnish 10 y 
of thiamine, riboflavin and pyrido.vine. 25 -/ 
calcium pantothenate, 100 y niacin. 1 mg of 
choline chloride, 0.1 mg /-inositol, and 5 y 
ritamb K per g of ration. Each rat was 
supplemented weekly n-ith 2.000 units vita- 
min A and 20 units of vitamin D in olive 
oil solution. 

The animals were kept on this diet, ad 
lihitinn, until they reached 225 g in body 
weight. This required 5 to 7 weeks. As 
they attained this weight the rats were 
placed on a fixed daily amount of one of 3 
diets which differed only in their casein con- 
tent. These diets contained 5. 20, or 40% 
crude casein, and, except for compensator}' 
changes in sucrose, were identical b com- 
position with the diet described above. 

A daily allotment of 8.9 g of the diet was 
fed to each rat in the morning and was 
generally consumed within an hour. The 
diets were made fresh weekly and kept re- 
frigerated at all times. Half of the rats on 
each diet were supplemented with daily doses 
of 1 mg of d, n-tocopherol in olive oil solu- 
tion. 

The average body weight changes of the 
rats on the 5% casein diet (S.9 g daily) are 

svii-tor. .T., and P.appcnlieimer, A. it.. J. Exp. 
Med.. 1945, 82, 375. 


shown in Fig. 1. These animals lost about 
40 g in body weight durbg the first 4 weeks, 
after which the curx'es levelled off. a-Toco- 
pherol had litUe bfluence during this period 
of adjustment to the new diet. Beginnbg at 
about the 10th week the x'itamin E-low rats 
began a rapid weight loss. They continued 
to consume their daily allotment of food b 
spite of declining body weight. Their gen- 
era! appearance deteriorated rapidly. They 
became listless and showed marked signs of 
atony and muscular d}'strophy. Durbg the 
last 3 weeks on experiment 3 of the 9 ani- 
mals regularly left up to 3 g of their diet 
unconsumed. 

In sharp contrast to the vitamin E-low 
group, the animals receiving a-tocopherol 
regained some of their initial weight loss and 
thereafter maintained their weight. In spite 
of the low-protein intake their appearance 
was good. They were alert and showed nor- 
mal general muscular tone. Statistically the 
difference b body weight between the E-low 
and E-fed groups was highly significant. At 
21 weeks on experiment the standard error 
for the average weight of both groups was 
—S.5: this corresponds with a t value of 



The effect of a-tocopherol on hodv ireight 
changes of adult male rats slufted to a 5^ crude 
casein diet. 
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6.2, while for P (0.01) the theoretical / val- 
ue IS 2.95. 

At autopsy no signs of liver cirrhosis were 
evident m either group. The gross appear- 
ance and fat content of the livers were nor- 
mal. \’ery marked atrophy of the testes was 
seen in the E-free group; their average testes 
weight was 0.4 g as compared with an aver- 
age of J.2 g in the E-fed group. Eight of 
the 9 low-E rats had marked hiperplastic 
crater lesions in the rumen of the stomach 
while only 3 of the E-fed rats showed such 
lesions, and these were mild. 

The animals on the higher protein diets 
required about 2 weeks to adjust themselves 
to the fixed limited quantity of the new 
diets. They lost weight during this period. 
Hon ever, after this time the}' resumed their 
growth. .At the end of 24 weeks the group 
on the 20% casein diet averaged 292 g while 
the corresponding E-fed group averaged 303 
g. On the 40% casein diet, the average 
weights were 298 and 308 g for the E-Iow 
and E-fed groups respectively. The animals 
all appeared normal. No signs of dystrophy 
were yet evident. 

An interesting incidental observation has 
been made on tooth pigmentation in these 
rats. Granados and Dam'' hav’e shown that 
a combination of high-fat and low-E leads 
to loss of the normal tooth pigment. Our 
e.xperiment has added protein to the factors 
influencing this 3 ’ellow-orange color of the 
teeth. Table I shows the average color in- 
dex of the maxillary incisors of the various 
groups after 10 and 20 weeks on the fixed 
daily intake of the diets. The color index 
was rated on an arbitrary scale with 5 degrees 


TABT.E I. 

a-Tocoiilicvol and Protein on Tooth 


Efforts of ^ 

Pigmentation of Adult Eats Fed 8.0 g of Diet 
Daily. TI\r valurs ropresimt the avorage color 
ratings (0 to 4) of the groups. 

Casein content Xo tocoplierol Plus tocopherol 


I*-. 

c 

10th wk 

20tU n-k 

iofii \vk 

20tlt wk 

~1 

fl.l 

0 

3.2 

2.8 

20 

1.4 

0.9 

3.3 

3.2 

40 

1.0 

1.1 

3.0 

3.2 


•1 Granados, 

H., and Dam, 11., 

Proc. Sog. Exp. 

Biol, axd Med., 1943, 50, 295. 




ranging from “0” to "4.” All of the 
tocopherol-fed animals had essentially nor- 
mal tooth color, regardless of protein con- 
tent of the diet. However, it is clear that 
the amount of casein greatly influenced the 
tooth color in the non-tocopherol groups. 

B/sciission. Under the conditions of this 
experiment a-tocopherol was essential to the 
maintenance of body weight and general well- 
being of adult rats on a low-casein diet. The 
daily food intake was fixed at a level which 
with a normal protein percentage, allowed' 
continued growth and well-being even ivith- 
011 1 tocopherol. 

This may indicate that o-tocopherol 
spares or allows better utilization of some 
constituent of the casein. Conversely, the 
results may mean that low casein (or some 
constituent) greatly increases the require- 
ment of the rat for vitamin E. The second 
e.xplanation appears the more plausible and 
is currently being checked with rabbits as 
the experimental animal. Several pure 
ammo acids have been added to low-casein 
diets at a 1% level in an attempt to find 
some specific factor^ which would counteract 
the distrophy-induchig property of the low- 
casein diet. No benefit has been observed 
with trj'ptophane, valine, arginine, or Ivsine 
A questionable benefit was seen with f-cvWine 
This work is being continued. 

In the work of Dam^ tocopherol appar- 
ently had no influence on the loss in body 
weight of rats on diets in which the onfv 
protein was that furnished by lOvf yea t 
However, in our work as well as'^'^ihat^of 
Victor and Pappenheimer'' tocopherol had a 
marked influence when the only protein was 
5% crude casein. The difference in composi 
tion of casein and yeast protein ma\- there 
fore, furnish a clue as to a specific factor 
involved in vitamin E metabolism. 

Summary. Adult male rats have been fed 
fixed daily quantities of vitamin E-Inw (jieK 
containing 5, 20, or 40% crude ca.sein q* 
the 5% casein diet the animals lost wei.^h't 
and developed muscle dystrophy, te.^ticu! 
atrophy, stomach ulcers, and tooth 'dppig„,e„t"”' 
tion. 

These symptoms of a vitamin E deficien 
were prevented either by a-tocopherol or b' 
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the higher protein diets. The possible sig- in increasing the vitamin E requirement of 
nificance of a lack of individual amino acids rats is discussed. 
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Induced Ovipositions in Relation to Age of Oviducal Egg in the 

Domestic Hen. 

Irving Rothchild and R. hi. Fr.aps. 

From Hie JSurcnn of Jiiimal liuhisirii, V. S. Vcparlmcnt of Agriculture, AgriciiUurnl Fesenreh 

Center, Bcltxville, ilel. 


The removal of the ruptured follicle from 
the ovary of the hen results in a delay in 
the time of lay of the egg which arose from 
that follicle.^ The experiments reported here 
are an approach to the problem of how the 
ruptured follicle functions to determine the 
time of lay. Specifically, they were designed 
to determine whether the sensitivity of the 
chickens' uterus to an oxytocic agent increases 
as the time of normally expected lay ap- 
proaches. 

Methods and jMatcrials. Five groups of 
laying hens were injected intravenously with 
the same dose of an oxytocic agent at various 
hours after the ovulation of an egg. The re- 
sults were expressed as the percentage of 
birds showing premature ovipositions. 

Birds selected for injection carried in their 
oviducts the second egg of a 2-egg clutch, 
the first egg of which was laid at the recorded 
hour of either 10:00 a. m. or 11:00 a. m. 
The time of lay of all eggs in this laboratory 
is recorded on the hour everj’ hour between 
8:00 a. m. and 4:00 p. m., so that there 
was a maximum spread of no more than 2 
hours between the time of laj' of the earliest 
and latest first egg of a clutch in any group. 
Of all the birds used, those selected for 10:00 
a. m. lay of the first egg of a clutch comprised 
between 55 and 60% of the total group in 
4 groups and 74% of the total in the fifth 
group. 

The presence of the oviducal egg was de- 
termined by digital palpation through the 
rectum. The age of the oviducal egg at the 

r RotUcliikl, I., and Frayis, E. M., Proc. Soc. 
Exp. Biot., -cxn Med., 1944, oG, 79. 


time of injection was estimated from the 
relationships between time of lay and ovula- 
tion of intraclutch eggs,-''^ and the time re- 
quired for the egg to pass through the vari- 
ous portions of the oviduct.--* For 2-egg 
clutches, the interval between lay of the first 
egg and ovulation of the second is about 45 
minutes,*-* and the time required for the 
egg to reach the uterus, about 4 hours from 
the time it enters the oviduct.'-^ 

The injections were made during the in- 
terval between ovulation and the time of 
expected lay fa period of about 27 hours) 
at the following hours: 4:00 p. m., 8:00 p. m., 
midnight, 6:00 a. m. and 10:00 a. m. Usually, 
no more than one minute elapsed between 
the injection of one bird and the injection of 
the r.e.xt in each group: the maximum dif- 
ference between the given times of injection 
and the time of the earliest or latest injec- 
tion in the group was 34 minutes. White 
Leghorn and Rhode Island Red hens were 
used: the number of one breed did not ex- 
ceed the number of the other by more than 
one bird in each group, e.xcept in that in- 
jected at 6:00 a. m. In this group there 
were 33 White Leghorns and 12 Rhode Is- 
land Reds. The results for the groups as a 
whole were not appreciably different from 
the results obtained in each breed. 

The agent used to induce premature ovi- 
position was Parke, Davis & Co. “Pitressin.” 
Although the main constituent of this prep- 
aration is the pressor principle of the posterior 

-- Phillips, E. E., .111(1 AYiirren, D. C., J. Exp. 
Zoot., 1937. 7G, 117. 

3 Unpublished data from this laboratory. 
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TIMES OF INJECTION AND THEIR EQUIVALENTS IN TERMS OF NUMBER 
OF HOURS PASSED BY THE EGG IN THE UTERUS 


Fio. 1. 

„ ■ flip piirve showiiie percentage response to Pitressin in relation to the age 

f the’oSal egg ?rfating increase in si^e of the egg to the length of time 

spent bj- the egg in the uterus. 


ntuitarv it has been shown by Burrows and 

S? it have a «ong aaytodc act»n .« 

hrchicken. The dose used was 

,/ labeki potency; tltk 

lllnlins 1.0 cc, taken fro m a separate 1.0 cc 

1S«!, so. 70S. 


vial, and containing 20.0 pressor units, to 
10.0 cc with 0.9% NaCl. The amount in- 
jected was 0.1 S cc. A diluted preparation 
was never used for more than 2 days in 
succession. The same 0.5 cc hypodermic 
syringe was used for all injections. 

A premature oviposition in response to 
Pitressin was taken as lay of the oviducal 
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TABLE I. 

Belation Between tlie Percentage of Birds Eeacting 
by Premature Oriposition to a Constant Dose of 
Pitressin (0.30 Enit) and tlie Honrs After Ovula- 
tion That the Injection IVas Alade. 


Injections 

Birds injected 


Positive reactions* 

Time 

Approx. Xo. hr 
after ovulation Xo. 

Xo. 

9*0 

4 p.m. 

5 

22 

3 

14 

S ” 

9 

31 

10 

32 

7 > 

13 

44 

oo 

50 

6 a.m. 

19 

45 

2i 

51 

10 ” 

23 

32 

IS 

56 


* A positive reaction is the expulsion of the ovi- 
dueal egg in response to the injection of Pitressin 
within 30 minutes after injection. 


egg within a period of 30 minutes from in- 
jection, Practically all premature otiposi- 
tions, however, occurred well within 15 min- 
utes from the time of injection. 

Results are shown in Table I. Between 
4:00 p. m. and midnight following the ovula- 
tion of these particular eggs, the percentage 
of premature ovipositions in response to 0.30 
unit of Pitressin increased substantially. From 
midnight to 10:00 a. m. the next day, how- 
ever, there was only a slight, if at all sig- 
nificant further increase in the percentage 
of premature ovipositions. Since 10:00 a. m. 
was only 2 to 6 hours from the time of 
normally expected laj- for these particular 
eggs, it can probably safely be assumed that 
there was ver\' little change in the response 
to a given dose of Pitressin from midnight 
until the actual time of la\'. 

Removal of the ruptured follicle appar- 
ently did not affect the percentage of birds 
responding by premature ovipositicn to this 
dose of Pitressin. Of 17 birds so treated, 
9, or 53%, laid prematurely. This compares 
ven- well with the group of intact birds in- 
jected at the same hour. This fact, to- 
gether with the evidence of a plateau from 
midnight on, indicated that the response 
curv'e might be a manifestation of the me- 
chanical stretching of the uterine walls as 
the egg increases in size (plumping) with the 
uptake of water.'' To check this, Burmeister s 
data^ on the increase in weight of the egg 
in relation to time spent in the uterus was 

5 Burmeister, B. E., J. Exp. Zool., lOiO, 84, 445, 


compared with the response curx’e to Pitres- 
sin. The 2 curv'cs are shown in Fig. 1. For 
comparison, the hour of injection was made 
equivalent to time spent in the uterus by 
means of the following rough calculations. 
The hour of lay of the first egg of the clutch 
for each group as a whole was taken as 
10:00 a. m. (This probably errs somewhat in 
the direction of a later-than-actual average, 
but not enough to affect appreciably the 
overall picture). Ovulation of the test egg 
would therefore have occurred about 10:45 
a. m., and the egg would have entered the 
uterus somewhere around 2:45 p. m.-3:00 
p. m. (see above). The 2 cun-es were 
plotted, taking 3:00 p. m. as the 0 point 
for time spent in the uterus. The response 
curve shows the beginning of a plateau verj' 
close to the time that the egg becomes fully 
plumped, f.c., reaches its almost maximum 
size. The only further increase in size that 
takes place from this point on is that due 
to shell formation (which is not shown by 
Burmeister's“ figures), and it may well be 
that the slight increase in the percentage re- 
sponse to Pitressin during the period of shell 
formation is a reflection of this phenomenon. 

Discussion. The increasing percentage of 
birds responding to a given dose of Pitressin 
as their eggs increase in size, and the lack 
of any substantial further increase in re- 
sponse after the egg reaches its almost maxi- 
mum size, may be taken to indicate that 
the changes in reactivitv’ of the uterus during 
the sojourn in it of the egg are not directly 
responsible for the determination of the time 
of normal oxnposition. With the reseix'ation 
that a response to Pitressin is only a proba- 
ble indication of the sensitivity of the uterus 
to the stimulus which under normal condi- 
tions leads to oviposition, it may be assumed 
for the present, therefore, that the probable 
mode of action of the ruptured follicle is 
one that primarily involves a change in some 
system external to the uterus. 

Summary. Hens carrjdng oviducal eggs 
were injected with 0.30 unit of Pitressin at 
times equivalent to I, 5, 9, 15. and 19 hours 
of time passed by the egg in the uterus. 
The percentages of birds lajdng premature!}- 
were respectively 14, 32, 50, 51, and 56. 
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Removal of the ruptured follicle shortly after 
ovulation did not alter the response at the 
19th hour in the uterus stage. The begin- 
ning of the plateau of the response curve ap- 
proximately coincided with the time at which 
the oviducal egg became fully plumped, i.e., 


reached its almost maximum size. The re- 
sponse curve was interpreted as the expres- 
sion of a change in the mechanical relations 
between the uterus and the contained egg, 
rather than a change .in intrinsic sensitivity 
due to the action of the ruptured follicle. 
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Physiological Disposition of Penicillin G and K in Dogs. 


.'Vrthur P. Richardson, Irving Miller, Carlyle Schumacher, IATlliam Jambor, 
Felix Pansy, and Daniel Lapedes. 

From the Division of IVmrmocoiofft/, Sgiiihh Iiisiihitc for Mcclicnl llcscnrch, Xrw Bninswicf:, 

X..T. 


The une.xpected low activity of penicillin 
K in experimental syphilis first observed by 
Chesney^ has been confirmed.- In addition 
it has been demonstrated that penicillin K 
is less effective than G in the treatment of 
mice infected with pneumococcus Type I,“ 
Streptococcus pyogeuer' and Borrcli a 
no'jy/.'*"’' 

This low activity of penicillin K has been 
correlated with an apparently low plasma 
concentration and it has been suggested that 
this is a result of more rapid destruction in 
the animal body."'® A more detailed study 
of the disposition of penicillin G and K m 
dogs has led us to a somewhat different con- 
clusion, and has cast considerable doubt on 
the supposition that inactivation plays a ma- 
jor part in the immediate fate of injected 

penicillin K. ^ , 

Rccovcrv oj Added Peukillw G and K from 
Body Fluids and Tissues. The recovery of 
added penicillin from various biologi cal m a- 


1 Uiipublislied observations quoted by Eagle and 

lusselinan. Science, 1940, 618. 

2 Bake, G., Dunbam, W., and Donovick, E., to 


1)0 yub’.islicd. 
a Eagle, II-, 


Mussebnaii, A., Science, 1946, 


Ct, M., Farr, A. C., and Sebnit.er, B. J-, 

ncc, 1910, p Walker. H- A., 

Eieliardson, A. V., Loeb, 1 ., ana 

ublisbed observations. j 

Coghill, K. P., Osterberg A. E., 

R., Science, 1940, 103, '09- 


terials was studied by' the customary cup 
test procedure of assay' for penicillin concen- 
tration. Known amounts of each penicillin’' 
were added to body' fluids and to tissue 
mashes, and the actual assay' figures in each 
case were related to the assay figures of the 
same concentration of penicillin added to 
saline. 

Plasma was obtained by' centrifuging ox- 
alated or heparinized dog blood. Tissue 
mashes were prepared with a homogenize!, 
using 2 parts of saline for one of muscle, and 
equal parts of saline and tissue in all other 
cases. The grinder was immersed in ice 
water during the preparation of each tissue. 
One-tenth of a volume of an appropriate 
saline solution of penicillin was added to a 
series of samples of tissue mashes, plasma, 
and saline. Final concentrations of penicil- 
lin ranged from 0.3 /ig per ml to 24 ixg per 

*We .nre iiiflebfcd to Dis. tViiu^einer inii 
Adler of the Division of Organic Chemistry, .and 
Mr. Lott and Mr. Dolliver of the Division of 
Jtedieinal Cliemistry for tliesc I'rcRar.'itions. EIc- 
niontary analysis and bioassay values for both 
penicillins agreed well with theoretical values. 
Analysis by Craig distribution methods showed the 
G- preparation to be at least 929c homogeneous, 
the remainder consisting of inactive components. 
The K preparations were at least 8S% of “jc 
type” penieillins, not more than 1(1% of ;ii, ,.„.tive 
fraction which was probably an “F tyj,,.'' pp,,;. 
ciUin, and the remainder was an inactive com- 
poiaiit. 
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MICROGRAMS / C.C. 

Fir. i. 

R''j*c<vor" of PoniojIHn 0 rtir i\ from lio^ Trijc-n tho oup Tost procccuro. 

E.'iC'!i t'Erro ropros-rRl* r-n jivortino civ oitt'orlmonts OTirriC'd cut 03 dilEroTODr days. 

ml. The assai's were then carried out fa3' 
the usual cup test procedure.^ 

The recovers- of penici'lin added to saline 
was within lO^o of the predicted concentra- 
tion in all cases. IVith ail tissues and plasma, 
the recoveries were incomplete and the ex- 
tent of the loss was inverselj- proportional 
to the concentration of penicillin. Fia. 1 
summarizes a portion of 6 tjpical experi- 
ments obtained with plasma, and is presented 
because it shows a marked difference in be- 
havior of the 2 penicillins when added to 
this body fluid. It is quite obtdous that 
cup test assays of penicillin K in plasma 
are subject to considerable error, unless a 
correction is made for incomplete recoveiy. 

Proof that the incomplete recoveries were 
due to the assa\- procedure usad and not 

r r^i/ortf^d in studv earric-d 

out under rLe j^cnernl sur/errifion of the- Dirision 
of 


due to destruction of penicillin K was ob- 
tained b\' 2 e.xperiments. 

1. Simultaneous assa\' of representative 
samples of peracillin-plasma mixtures by the 
tube dilutions technics gave complete recov- 
eries. For e.xample. in one e.xperiment in 
which 1.25 /Jig per ml of K was added to 
plasma, cup test assajs gave 20fr recoverx*. 
whereas tube dilutions assay's gave 100^ 

TABLE I. 

.twraa*' Pt-r f'vnT of PenrcRiin G and K 

from Do 2 PIrssra.'i and Tissue Mash 1*7 Cap Test 
nt Diii^'rent Coneeatmtion?. 



5 V/ 


1 v/ml 

G 

K 

0 

J3. 

PtiSrea 

53.0 

4i.o 

0-5.0 

17a 

Livf r 

03.S 

ni.5 

4 . 5.0 

05 .-) 

Kidnc'v 

r.2J5 

OD.i> 

35.0 

25.0 

.<;p!e-:-a 

7.5.0 

50.0 

45.0 

42.0 

Brain 

sr.o 

7?.0 

00.0 

37.5 

Muscle 

73.0 

50.0 

00.0 

54-0 


5L0 

60.0 

4-5.0 

44J* 
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Fig. 2. 

The rate of disappearance of penicillin G and K from the plasma of dogs following intra- 
venous injection of 2 mg per kilo. Each curve is the mean of e.\-periments in 6 dogs. All figures 
have heen corrected for error in the cup test assay. 


recovery. . 

2 Incubation of plasma-penicillin mix- 
tures for 3 hours at 22 °C or 24 hours at 4°C 
gave the same recovery as when the peni- 
cillin was added immediately preceding assay. 
Thus if destruction had been responsible for 
the low cup test assay it must have occurred 
immediately and then stopped within a few 

minutes. . . , 

The results of all recovery experiments wito 
plasma and tissues are summarized in Table 
I The per cent recovery for each material 
was obtained by plotting added penicillin 
against assay results in a form similar to 
Rg Per cent recovery of the 2 concen- 
trations was determined from the curves 
Ibus obtained. All results reported la^r in 
this paper have been corrected by the use 
If such cur.es to give “true” pcdlm con- 

' ‘I 


K from the Plasina of Normal and Ncphrec- 
tomized Dogs. The rate of disappearance of 
a drug from the plasma of an intact animal 
is the net result of distribution, excretion 
and destruction. In the case of penicillin 
it is well recognized that rate of disappear- 
ance is conditioned largely by renal excre- 
tion. Therefore, the rate of fall of plasma- 
penicillin in a nephrectomized dog should 
reflect distribution, destruction and extra- 
renal excretion. 

Experiments were set up as follows: each 
dog was injected intravenously with 2 mg 
per kg of the appropriate penicillin. Blood 
samples were taken at short intervals of time 
until the plasma concentration approached 
zero. The following day a nephrectomy was 
performed, and after 24 hours recovery, the 
same dose of the same penicillin was in- 
jected intravenously and rate of disappear- 
ance from plasma again determined. Si.\- 
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TABLE II. 

Distvilnition of Penicillin G .ind K Bct'ivccn Plasma and Tissues of Dogs Following Continuous Intra- 
venous Injection. 


Plasma-tissue ratios after 2 lirs infusion 

Plasma level, v/inl ^ r~v 

^ , Cerebro- 


Dog 

No. 

After 1 hr 
Infusion 

After 2 br 
Infusion 

spinal 

Fluid 

Brain 

Musele Spleen 

Lung 

Liver 

Kidney 



Penicillin G- — 0.1 mg/kilo/ininnte. 





2.1 

33.S 

2.3.5 

111.0 

47.0 

5.2 

5.0 

2.1 

3.3 

0.25 

2G 

1.7.0 

24.7 

1S5.0 

02.0 

1.1 

0.1 

2.0 

2.7 

1.1 

27 

11.2 

10.0 

101.0 

32.0 

4.4 

3.S 

1.4 

3.0 

0.42 

2S 

17.3 

14.0 

01.0 

1,S.4 

0.1 

0.1 

2.1 

1.4 

0.43 


24.3 

2S.1 

220.0 

50.0 

.■>.9 

4.0 

2.7 

2.7 

0.04 

30 

1.7.1 

10.7 

230.0 

(iO.O 

10.0 

5.2 

2.4 

1.0 

0.40 

Mean 

10.1 

20.0 

170.0 

47.4 

0.2 

5.S 

2.1 

2.4 

.00 



Penicillin K — 0.2 mg/kilo/minute. 





31 

12.1 

1S.3 

02.0 

1S.3 

4.7 

4.0 

2.7 

1.8 

0.55 

32 

17.1 

24.S 

220.0 

20.0 

S.3 

0.0 

4.8 

1.0 

0.01 

3o 

13.0 

13.1 

151.0 

34.0 

0.1 

0.1 

3.2 

1.1 

0.52 

34 

12.0 

13.1 

135.0 

22.5 

0.4 

S.5 

3.8 

1.2 

0.81 

3.0 

10.5 

27.0 

270.0 

45.0 


« 


1.2 

0.S2 

Mean 

15.1 

10.4 

107 

2S.1 

0.4 

7.0 

3.8 

1.4 

0.72 


'■ Not determined. 


dogs were used for each penicillin. Scrutiny 
of the data (Fig. 2) shows a number of 
points of interest; 

1. In as short a time as 5 minutes after 
injection the plasma level of penicillin K is 
less than one-half that seen when the same 
dose of G was injected. This finding sug- 
gests that K is either destroyed within 5 
minutes or some other factor is responsible 
for the disposition of K as compared to G. 

2. From a given plasma level the rate of 
disappearance of the 2 penicillins is not 
greatly different. If destruction had been a 
major factor in determining the fate of one 


penicillin as compared to another, the slope 
of these curves should have been different. 
Such was not the case. 

3. Extending the time-plasma level curve 
back to zero permits a calculation of the 
apparent volume of distribution of each peni- 
cillin. For G this was estimated as 20.2% 
or corresponds roughly to total blood volume 
plus extra-cellular tissue fluid. In the case 
of penicillin K the apparent volume of dis- 
tribution was 57.1% which at once suggested 
localization in tissues or some body fluid, 
other than blood. 

Distribution oj Penicillin G and K in Body 


TABLE III. 

Distribution of PmiiiMlliu G .'iiid K Botwcpii Dog Plasim and Saline .After 20 Hr Dialvsis at 4“r. 


Mean eonceiitration after 


Concentration 
added to saline 

Y/ml 

No. of exp. 

dialysis- 

— y/uiI 

Apparent 
% ‘ ‘ bound 

Plasma 

Saline 


Xa 

Penicillin G. 



3.0 

S 

3.0 

2.3 

40.7 

30.0 

n 

40.3 

28,0 

30.1 


Xa 

Penieillin K. 



2.3 

9 

3.6 

1.0 

71.0 

23.0 

() 

30.1 

11.2 

70.0 
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MINUTES AFTER INJECTION 


Fig. 2. 

The rate of disappearance of penicillin G and K from the plasma of dogs following intra- 
venous injection of 2 mg per kilo. Each curve is the mean of e.vperiments in (i dogs. All figures 
h.ave been corrected for error in the cup test assay. 


recovery. 

2. Incubation of plasma-penicillin mix- 
tures for 3 hours at 22 °C or 24 hours at 4‘’C 
gave the same recovery as when the peni- 
cillin was added immediately preceding assay. 
Thus if destruction had been responsible for 
the low cup test assay it must have occurred 
immediately and then stopped within a few 
minutes. 

The results of all recovery experiments with 
plasma and tissues are summarized in Table 
I. The per cent recovery for each material 
was obtained by plotting added penicillin 
against assay results in a form similar to 
Fig. 1. Per cent recoveiy of the 2 concen- 
trations was determined from the curves 
thus obtained. All results reported later in 
this paper have been corrected by the use 
of such curves to give “true” penicillin con- 
centration. 

Rale of Disappearance of Penicillin G and 


K from the Plasma of Normal and Nephrec- 
tomized Dogs. The rate of disappearance of 
a drug from the plasma of an intact animal 
is the net result of distribution, excretion 
and destruction. In the case of penicillin 
it is well recognized that rate of disappear- 
ance is conditioned largely by renal excre- 
tion. Therefore, the rate of fall of plasma- 
penicillin in a nephrectomized dog should 
reflect distribution, destruction and extra- 
renal excretion. 

Experiments were set up as follows: each 
dog was injected intravenously with 2 mg 
per kg of the appropriate penicillin. Blood 
samples were taken at short intervals of time 
until the plasma concentration approached 
zero. The following day a nephrectomy was 
performed, and after 24 hours recover_v, the 
same dose of the same penicillin was in- 
jected intravenously and rate of disappear- 
ance from plasma again determined. Six 
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Summary. 1. As determined by the cus- 
tomary cup test procedure it is not possible 
to obtain complete recoveries of penicillin 
G and K when added to plasma and tissues. 
A considerable error is involved in the assaj- 
of penicillin K in the presence of a high con- 
centration of plasma. Such low recoveries 
have been shown not to be due to destruc- 
tion of penicillin K. 2. For a given dose, 
the plasma level of penicillin K. 5 minutes 
after intravenous injection is less than one- 
half that with penicillin G. The rate of 


disappearance from a given plasma concen- 
tration, however, is not greatly different for 
the 2 penicillins. 3. The apparent volume 
of distribution of G is 20.2% of the body 
weight, whereas with K it is 57.1%. Both of 
the penicillins are localized in lung and liver 
to some e.vtent. Penicillin K is localized to 
a considerably greater extent m the liver 
than is G. 4. As determined by dialysis 
e.xperiments penicillin K is adsorbed by some 
component of dog plasma to a much greater 
extent than is penicillin G. 
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Subtilin-Antibiotic Produced by Bacillus suhtilis.’^ V. Effect on 
Streptococcus pyogenes Infections in Mice.t 

A. J. S.-M-EE .AND Gregory J. Jann. 

From the Department of Bactcriolopii, Vnirrrnitii of Catifnniia, T.os AiipetcK. 


In a previous communication^ subtilin was 
found to e.xert a pronounced antibiotic action 
against a large number of species of Gram- 
positive organisms, including Streptococcus 
pyogenes (hemolytic) by the agar cup-plate 
procedure. The agent was shown to be bac- 
teriostatic in high dilution and bactericidal 


in more concentrated solution. Subtilin ex- 
hibited an extremely low toxicity inde.x to 
living embryonic chick heart tissue frag- 
ments cultivated in vitro- and e.xerted a pow- 
erful in vivo action on the course of e.xperi- 
mental pneumococcus, infections in mice" and 
anthra.x in guinea pigs.^ 


TABLE I. 

TiMtiiicnt of Streptococcus ppopciics Infections in Mice. 


Date 

Time 


0 mice used in eacli 

group 


/ 

Coiitidl 

Treated 

iimnediately 

Treated 
after 3 Itr 

Treated 
after G hr 

Treated 
after 9 hr 

S-13-4G 

9 a.m. 

Infected 

Infected 

Infected 

Infected 

Infected 

f • 

9 '' 



0.5 cc subtilin 

— 

— 

— 


12 in. 



» » » T » t 

0.5 ce subtilin 

— 

— 


3 p.m. 



.. 

t t J » ’ > 

O.o cc subtilin 

— 

• • 




• » f * T » 

t y » « • > 

f ’ J y >y 

0.5 ee subtilin 

> J 

11 ” 

.All dead 

1.0” ” 

1.0 ” ” 

1.0 •' ■’ 

1.0 ’• ” 

14 

9 a.m. 

— 

» » » » ft 

» ♦ y y ; * 

» > » ► y * 

t t tt ti 


12 m. 

— 

if ft tt 

fy t y f y 

r » » • J » 

it 1) it 


4 p.m. 

— 

tt tt ft 

tt yy » » 

» ♦ y y y y 

i y J f it 


* This investigation w.as aided by a grant from 
Eli Lilly .and Co., Iiidiaimpolis, Iiidi.ana. 

t The subtilin in'cpar.ation used in these experi- 
Tueuts was kindly supplied by the Western Regional 
Research Labor.atory, Albany, C.alif. 

1 .Salle. .\. J., nud Jann, Gregory. J., Pnor. Soc. 
Exp. Biol, .vxd Med., 1045, GO, CO. 


e Salle, A, J., and Jann, Gregory .1., Pnoc, .Soc. 
Exp, Biol, .vxd Med., lf>4C, GI, 23. 

3. Salle, .A. J., and Jann, Gregory J., Proc. Soc. 
Exp. Biol, axd Med.. 1940, C2, 40. 

A Salle. .A. J., and Jann, Gregory ,1., Proc. Soc. 
Exp. Biol, .vxd Med.. 194G. 03, 41. 
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Fluids and Tissues After Continuous Infusion. 
Since calculation of the apparent volume of 
distribution of penicillin K suggested local- 
ization, it was obviously necessary to de- 
termine the distribution of the 2 penicillins 
in tissues. There are only a few data availa- 
ble in the literature on the distribution of 
penicillin in tissues of animals, and in all 
cases the studies''® have been carried out 
with impure preparations. In our studies 
dogs were lightly anesthetized with sodium 
pentobarbital following which a cannula was 
inserted into a femoral vein and attached 
to a burette, so that an appropriate concen- 
tration of penicillin could be infused at a 
constant rate of 1 ml per minute. Plasma 
concentration was determined at the end of 
one hour and again at 2 hours, following 
which infusion was discontinued, the animal 
was killed and representative tissues removed 
and prepared for assay as described above. 
Each penicillin was administered in a dose 
which was calculated to maintain the plasma 
concentration between 15-20 fig per ml for 
the period of infusion so as to obtain equi- 
librium between plasma and tissues. To 
accomplish this, the rate of infusion of G 
was maintained at 0.1 mg per kg per minute. 
For K, 0.2 mg per kg per minute was re- 
quired. 

Results of these e.xperiinents are sum- 
marized by Table II. .As was expected kid- 
ney had the highest concentration, whereas 
brain and spinal fluid had the lowest levels. 
Lung and liver had higher concentrations 
than were predicted on the basis of blood 
and tissue fluid content, thus suggesting some 
localization. The most striking difference 
in distribution of the 2 penicillins was noted 
in the liver assays. The concentration of K 
in this organ approached the concentration 
in plasma, and was nearly twice as high as 
that of G. 

.Adsorption of Penicillin G and K by Dog 
Plasma. The error in cup test assays of 
penicillin K in plasma described above in- 

T Stable, G. G., .mcl Bellows, J. 6., J. A. jit. A., 
1944, 125, 085. 

S Cutting, IV. C., Liulueiin, F. P., Fiese, M., 
Elliot, II. tv., ,nul Field, J., J. Pharm. and Exp. 
Tlicmp., 1945, 85, 30. 


dicated the likelihood of binding by some 
constituent of plasma. A cellophane bag con- 
taining 7.5 ml of plasma was suspended in 
a dialysis tube and equilibrated with IS ml 
of saline containing a desired concentration 
of penicillin. Dialysis was carried out on a 
rocking machine at 4°C for 20 hours, fol- 
lowing which penicillin concentration in each 
fluid was determined. 

The results summarized in Table III show 
that in all instances the concentration of 
penicillin in plasma was higher than in the 
corresponding saline solution. Per cent of 
“bound” penicillin was calculated by the 
usual method of subtracting concentration in 
saline from concentration in plasma and di- 
viding by total plasma concentration. In- 
terpretation of the data is difficult because of 
an apparent high recoverj' of both penicillins 
in these experiments, which could not be ex- 
plained by irregularities in the assay pro- 
cedure. In spite of this there is little ques- 
tion but that K was bound to a far greater 
extent than G; thus furnishing a reasonable 
explanation for the difficulty of determining 
true concentration of penicillin K in plasma 
by the cup test procedure. 

Discussion. The foregoing e.xperiments 
leave little doubt as to the fact that penicil- 
lin K is handled by the intact animal in a 
quantitatively different manner than G. The 
fundamental basis for these differences is 
not clear at the moment in terms of the com- 
monly recognized chemical properties of the 
2 penicillins. However, data on the physical 
characteristic of these penicillins are not now 
available, and it may be that information 
along these lines will clarify the problem. 

Regardless of the e.xplanation of the dif- 
ferences in properties of these 2 penicillins, 
K has an apparent disadvantage for the treat- 
ment of si'stemic infections. This arises from 
the greater difficult}’' in maintaining a given 
total plasma concentration, and because it is 
likely that adsorption decreases the effective 
plasma level. Cup test assays may give a 
misleading picture of total penicillin K con- 
tent in plasma. However, tliey may well 
give a truer indication of the concentration 
of “free” penicillin available for therapeutic 
effect. 
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Summary. 1. As determined by the cus- 
tomary cup test procedure it is not possible 
to obtain complete recoveries of penicillin 
G and K when added to plasma and tissues. 
A considerable error is involved in the assay 
of penicillin K in the presence of a high con- 
centration of plasma. Such low recoveries 
have been shown not to be due to destruc- 
tion of penicillin K. 2. For a given dose, 
the plasma level of penicillin K 5 minutes 
after intravenous injection is less than one- 
half that with penicillin G. The rate of 


disappearance from a given plasma concen- 
tration, however, is not greatly different for 
the 2 penicillins. 3. The apparent volume 
of distribution of G is 20.2% of the body 
weight, whereas with K it is 57.1%. Both of 
the penicillins are localized in lung and liver 
to some extent. Penicillin K is localized to 
a considerably greater extent m the liver 
than is G. 4. As determined by dialysis 
e.xperiments penicillin K is adsorbed by some 
component of dog plasma to a much greater 
extent than is penicillin G. 
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Subtilin-Antibiotic Produced by Bacillti.'; subtHis.^ V. Effect on 
Streptococcus pyogenes Infections in Mice.t 

A. J. Salle and Grecorv J. Jan.n. 

From the Deportment of Boctrrioloflll, I'liiirrsilp of Colifoniin, Lox .iiipdcx. 


In a previous communication' subtilin was 
found to e.xert a pronounced antibiotic action 
against a large number of species of Gram- 
positive organisms, including Streptococcus 
pyogenes (hemolytic) by the agar cup-plate 
procedure. The agent was shown to be bac- 
teriostatic in high dilution and bactericidal 


in more concentrated solution. Subtilin e.x- 
hibited an extremely low toxicity index to 
living embryonic chick heart tissue frag- 
ments cultivated in vitro- and exerted a pow- 
erful ill vivo action on the course of e.xperi- 
mental pneumococcus- infections in mice'’ and 
anthrax in guinea pigs.' 


TABLE I. 

Trent 111 ent of Strrptococcns pyoi/encx Infections in Mice. 


Date 

Time 


G mite used in cacli 

fjroup 


Control 

Treated 

iuunediatelv 

1* rented 
after 3 hr 

Treated 
after G hr 

Treated 
after G hr 

8-13-46 

P a. 111 . 

Infected 

Iiifeeted 

Infected 

Infected 

Infected 

t » 

0 ” 



0..5 ee subtilin 

— 

— 

— 

’ • 

12 m. 


’• »* 

ce subtilin 

— 

— 


3 p.m. 




11 > • * 1 

<hr> et* subtilin 

— 

’ * 

() 



’ • » T » ♦ 

» » « « » » 

1 ' 11 > ’ 

0..J ec subtilin 

J } 

11 ” 

.All dead 

1.(1 ” 

1.0 ” ” 

1.0 •’ ” 

1.0 ** 

14 

9 a.m. 



» » * » « ♦ 

1 » 11 11 

• ’ • ♦ 11 

13 33 33 

> > 

12 m. 

— 

ff9r ff 

1 * • » 11 

• * • • 11 

33 33 31 

■■ 

4 p.m. 

— 

fi if 

> « * 1 11 


3 3 1 * It 


" Tliis investigation was aided by a grant from 
Eli Lilly and Co., Indianapolis, Indiana. 

t Tlie subtilin preparation used in tliesc experi- 
ments was kindly supplied by tlie Western Kegional 
Hcsearcli Laboratory, Albany, Calif. 

1 Salle, A. J., and .Tann, Gregory, ,1., Pnoe. Soc. 
Exp. Biot., .\xi> Mf.i>„ GO, on. 


2 Salle, A. .1., and Jann, Gregory .1.. Pnoc. Soc. 
Exp. Biol. .\xd Med., 1040, 01, 23. 

a Salle, A. .1., and Jann, Gregory .1., Pnoc. -Soc. 
Exp. Biol, .vxd Med., 1046, 02, 40. 

■I .Salle. .V. .1., and .lanii. Gregory .1., Pnoc. -Soc. 
Exp. Biol. .\xd Med., 1046 . 03, 41. 
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TABLE II, 

Treatment of Strepiococcits pyogenes Infections in Jitiee. 


Date 

Time 


8 mice used in each group 


Control 

Treated 

iinmediatclv 

Treated 
after 3 hr 

Treated 
after 6 hr 

Treated 
after 9 hr 

9-19-4() 

9 a.m. 

Infected 

Infected 

Infected 

Infected 

Infected 

? ) 

9 ” 



0.5 ec subtilin 

• 

— 

— 

} } 

12 m. 

— 

> > > » 

0.5 ec subtilin 

— 



) f 

3 p.TO. 

— 

a j ♦ » > 

yy yy yy 

0.5 cc snbtilin 

— 

f t 

0 ” 

— 

jy 3i yy 

yy yy yy 

yy yy yy 

0.3 cc subtilin 

t J 

8 ” 

1 dead 

— 

— 

— 


> y 

. 9 ” 

— 

1.0 cc ” 

1.0 ” ” 

1.0 ” ” 

1.0” ” 

9-20-40 

9 a.m. 

All dead 

0.5 ” ” 

0.3 ’ ” 

0.5 ” ” 

0.5 ” ” 


In the present communication subtilin was 
tested for its effect on Streptococcus pyogenes 
infections in white mice. 

Experimental. Thirty white mice, weigh- 
ing between 20 and 25 g were injected intra- 
peritoneally with 0.2 cc of a saline suspen- 
sion of a 24-hour brain heart infusion agar 
slant culture of Streptococcus pyogenes. The 
turbidity of the saline suspension was ad- 
justed to correspond to a No. 3 INlacFarland 
nephelometer standard. 

The animals were divided into 5 groups 
and treated as follows: mice in Group 1 were 
not treated but served as controls; mice in 
Group 2 were treated immediately after in- 
fection ; mice in Group 3 were treated 3 hours 
after infection; mice in Group 4 were treated 
6 hours after infection; and the mice in the 
last group were treated 9 hours after infec- 
tion. Each mouse was injected intraperi- 
toneally with 0.5 cc of a solution containing 
0.2 mg subtilin per cc (1 unit)- and every 
3 hours thereafter. This dose was increased 
to 1 cc (2 units) at the end of the first day 
and throughout the next. 

The schedule of treatments and results ob- 
tained are given in Table I. It may be 
seen that all of the control animals died with- 
in 14 hours whereas all of the treated ani- 
mals survived and were apparently normal 2 
weeks after treatment was discontinued. The 
mice were discarded after this period of time. 

The animals treated 9 hours after being 
infected were 5 hours from death and ap- 
peared to be beyond recovery. The infec- 
tion was accompanied by diarrhea, ruffled fur, 


and prostration, .\fter receiving 2 injections 
of subtilin, the diarrheal condition disap- 
peared and the animals appeared to be al- 
most normal. After the fourth injection, the 
animals looked and acted like healthy mice 
and devoured food freely. The recovery was 
so spectacular that it was almost beyond be- 
lief. 

In a second series a larger number of mice 
(40) was used to check the results in the 
first experiment. The method was the same 
but the amount of subtilin administered was 
less. The results are recorded in Table II. 

It may be seen that one of the untreated 
mice died within 11 hours. The others died 
within 24 hours but the e.xact time could not 
be ascertained because death occurred some- 
time during the first night. On the other 
hand, all of the animals given subtilin sur- 
vived and were healthy and normal 2 weeks 
after treatment was discontinued. The ani- 
mals were sacrificed after this period of time. 
Examination of the hearts’ blood of animals 
dead of the disease showed the presence of 
large numbers of Streptococcus pyogenes. The 
antibiotic did not produce any observable 
toxic reaction in the mice. 

Conclusions. Subtilin has been shown to 
exert a powerful in vivo action on the course 
of experimental Streptococcus pyogenes in- 
fections in mice. Animals given subtilin 9 
hours after being infected were in such an 
advanced stage of the disease at the time 
treatment was started that recovery was al- 
most unbelievable. The antibiotic e.xhibited 
no apparent toxic reaction in the mice. 
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A. C. Wiese,' B, Connor Johnson, and W. B. Xevens. 

From the Division of AnimnI Xiitrition and the Department of Dairy Hushandry, Vnivcr.tity 

of ntinois, VrVaiia, III. 

During the course of the experiments on 1-20 liver powder in the morning feeding, 
the development of a synthetic ration for the A slight improvement was shown by after- 
dairy calf (described elsewhere),' 2 of the noon. The following morning, the paralysis 
animals developed a paralysis that was cured had disappeared, and the calf was able to rise 
by the administration of biotin. This stm- without assistance and walk normally. The 
drome occurred when the animals were fed animal, continued on Ration 2, exhibited the 
Ration Xo. 2. The composition of the diet same paralytic symptoms 22 da\-s later. The 
is given in Table I. calf was given 100 pg of biotin by subcu- 

The lard was homogenized into the solu- taneous injection. In 24 hours the symptoms 
tion of casein, salts and cerelose to produce had disappeared and the animal had re- 
a “synthetic milk” which contained 13% covered completely. 

solids. -All vitamin supplements were given Calf Xo. 7 developed the identical symp- 
at the morning feeding. For complete de- toms a third time 13 days later and was cured 
tails on the preparation of the diet see Wiese, again by the subcutaneous injection of 100 
Johnson, Mitchell and X'evens.' pg of biotin. 

The first animal, calf Xo. 7, having been .A second animal, calf Xo. 9, having been 
on Ration 2 for 19 days, developed a paraly- on the diet for 50 da}'s, showed the same 
sis of the rear legs and was unable to rise, symptoms as calf X'd. 7. The calf was given 
The calf, ver}- unsteady when placed on his 100 pg of biotin by subcutaneous injection, 
feet, was incapable of muscular coordination When the condition of the animal did not 
of the hind legs and fell when trying to walk, improve, I mg of biotin in glucose was ad- 

-An attempt was made to cure the condi- ministered by intravenous injection. The 
tion by giving the animal 25 g of IVilson's next day the animal had recovered completely. 

TABLE I. 


Cimiposition of Ration 


Coziijionent 

% 

A'itamin added 

iigAg 
liquid ration 

Casein “L;ibco'’ 

3<).U 

Thiamin 

0.65 

Lard 

20.6 

Riboflavin 

0.05 

Salts 1 

0.0 

Xicotinic ncid 

2.60 

CctcUlsc* 

37.1 

Pvridoxinc 

0.65 



Calcium pantothenate 

1.30 



A.seorbic acid 

13.0 



ji-Toeopherol 

1.0 



2-Methyl-l, 4-naphthoquinone U.20 



Vitamin A 

5000 I.H./dav 



A’jtamin D 

500 I.U./day 


~ Tins invc.stig;ition \v;is supported by fiind.s indebted to Hotfiuau-LaRoclie, Ine.. Xutiey, X.J., 
don.atcd by .‘Swift and Co., Chicago, III,, and carried for supplies of B-vitamins and ascorbic acid, and 
out with the advice of a eomniittee, appointed by to Gelatin Pioducts Co., Detroit, llich., for vitamin 
the Director of the .Agricultural Experiment Sta- A and D capsules. 

tion, consisting of the following members; H. E. t Present address: Department of Agrieultur.al 
Carter, T. S. Hamilton, B. C. Johnson, W. B. Chemistry, rniversity of Idaho. 

Xevens, II. E. Robinson, H. .Spector, A. C. AViesc, 1 Wiese, A, C.. .Tolmson, B. Connor, ilitchell, 
and II, H, Jlitchell, Chairman. Wc are also H. H., and X'evens, W. B., .1. Dairy Xci., in press. 
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TABLE II. 


ITriiiary ExcreHoii of Biotin. 

Date Symptoms 

Treatment 

Excretion 

y/day 

Date Symptoms Treatment 

E.xcretion 

y/day 


Calf 7 . 



Calf 9. 


Bora 1-98-4G 



Bom 2-12-4G 



O.JO 


5.2 

2-23 


1.9 

]3 — 


4.4 

24 — 


a I 

-k 



4-5 -p 

100 y biotin 

0.1 

IS -f- 

25 g liver 

— - 

G ~ 



19 — 






3-12 -p 

100 Y biotin 

— * 

IS _ 

On .starcl) con- 


13 — • 




taining diet 

10.5 

25 -(- 

100 y biotin 

^ 

19 — 


1.5.1 • 

2G — 



.5-17 — 


25.G 

-1-1 — 

On stareli con- 


29 — 


10.7 


taining diet 


G-G — 


21.2 

5-4 — 


14.G 




29 — 


lO.G 





Calf 11. 



Calf 12. 


Born 4-24-4G 



Born 4-24-4G 



4-2G — 

On colostrum 

4C.4 

4-2G — 

On colostrum 

3.5.1 

,5-3 — 

On syntlictio 


5-3 — 

On .s.vntlietic 



milk diet 

4.4 


milk diet 

2.1 

4 _ 


0.3 

4 — 


3.9 

9 — 


2.5 

9 — 


3.2 

in — 

-f biotint 

5.7 

• 10 — 

-p biotint 

S.2 

18 — 


7.3 

IS — 


5.4 

24 — 


r.c 

24 — 


4.S 

29 — 


lO.G 

G-1 — 


12.C 

G-4 — 


14.3 





■“ Urine samples not obtainofl due to scouring. 

t Biotin added to the svnthotic milk” diet at the rate of 10 ^g per 1000 ec of milk. 


Cah'es No. 7 and 9 ivere changed to a 
solid diet containing considerable amounts of 
starch when 7 weeks old. On this diet the 
animals did not e.xhibit any para]}dic S}>'mp- 
toms. 

During the course of the experiment 24- 
hour urine collections were made. The 
amount of biotin excreted was determined 
by the method of Wright and Skeggs.- The 
data are given in Table II. At the age of 
2 weeks, calves No. 7 and 9 excreted only 
a small amount of biotin in the urine. The 
increase in biotin e.xcretion by these animals 
during the latter stages of the experiment is 
probably due to the change to a solid diet 
containing considerable amounts of starch. 
On this type of ration intestinal synthesis of 
the B-vitamins, including biotin, probably oc- 
curred, accounting for the increased biotin 
excretion in the urine. 

2IVriglit, L. D., aiul Skeggs, H. 1?., Proc. Soc. 
Exp. Biol, akd Med., IPII, 50, 95. 


Calves No. 11 and 12 were maintained on 
the liquid “synthetic milk” diet. Biotin was 
not supplemented for the first 2 weeks. After 
this time 10 fig of biotin were added per kg 
of liquid ration fed. The first urine sample 
was obtained when the calves were 48 hours 
old and had received colostrum. The data 
in Table II reveal that the biotin e.xcretion 
was high at this time. After one week on 
the biotin-deficient ration the urinary biotin 
e.xcretion had dropped to 3 to S /ig per day. 
After the supplementation of biotin was be- 
gun, there was a gradual increase in the 
urinary excretion of biotin. These 2 calves 
grew normally and did not show any simip- 
toms of biotin deficiency during the time 
thej’^ were on the experiment. 

Summary. The jmung dairj'^ calf requires 
an exogenous supply of biotin; otherwise a 
paralysis of the hind quarters develops, cura- 
ble by biotin administration. 
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Barbara C. Flinn, Francis J. Pilgrim, Helen S. Gregg, ano A. E. Axelrod. 
(Introduced by Ralph R. Mellon.) 

From ihe liislilutc of Faiho\ogy, The Tf’eetcrii Peiiuxi/Ivaiiio UoxpifaJ. PUfshiirgh, Penn. 


It has been observed in this laboratory 
that the topical application of /i.j3 dichlor- 
oethyl sulfide (mustard gas) in rats causes 
marked changes in the vitamin content of 
some tissues. Since severe starvation is a 
prominent feature of mustard gas poisoning, 
it was deemed necessary to determine the 
effect of stari'ation per sc. This report de- 
scribes the effects of mustard gas and severe 
starvation upon the liver, kidney, and bone 
marrow contents of 6 of the B vitamins. 

Methods, .dii'mials. Twenty-five-day-old, 
male, albino rats of the Sprague-Dawiey 
strain were housed in individual wire-mesh 
cages and were fed the following ration: 
casein (Labco, “vitamin-free") IS; sucrose, 
76; salts IV, ^ 4; and corn oil, 2. To each 
kilogram of ration were added: thiamine 
hydrochloride, 3.0 mg; riboflavin, 3.0 mg; 
pjTidoxine hydrochloride, 3.0 mg: calcium 
pantothenate, 10.0 mg; /-inositol, 0.3 g: 
choline chloride, 1.0 g: and 2-meth\d-I,4- 
naphthoquinone, 10.0 mg. .\t the beginning 
of the e.xperiment, the rats were given one 
drop of halibut liver oil (Abbott-plain) con- 
taining 1.3 mg of added rff-n-tocopherol 
acetate. All of the rats received this ration 
ad libitim for 4 days, at which time the ex- 
perimental procedures were initiated. 

Tissues. At the conclusion of the experi- 
ments the rats were decapitated, and the tis- 
sues removed for analysis. The total weights 
of the livers were determined, and weighed 
portions of both the liver and kidney were 
dried for 48 hours at 45 'C in vacuo. The 
samples were reweighed to determine the dry 
weights, then stored in the cold until pre- 
pared for analysis. The dried livers and kid- 
neys were ground and a weighed portion 
(approximately 50 mg) homogenized in 10 

I noRstptl, D. JI., Mills, K. C., Elrelijem, C. A., 
.-uid E. B., J. Bio}. Chem., 19-11, 138, 4.50. 


ml of water with a glass homogenizer." Each 
sample was incubated at 37“C under toluene 
with clarase and papain (each enzj-nie added 
at a level equivalent to 5% of the weight 
of the tissue) for 24 hours at the natural 
pH, and then for 24 hours in .05 N sodium 
acetate buffer at pH 4.5. 

The 6 long bones (femora, tibiae, and 
humeri) were split with a scalpel and the 
marrow, which was removed with a hirpo- 
dermic needle filed on one side to form a 
scoop, was suspended in water and stored 
in the cold under toluene until prepared for 
assay. The bone marrow was homogenized 
and the nitrogen content determined on an 
aliquot by a micro digestion and nessleriza- 
tion procedure.^ One gram of each of the 
enzymes per gram of nitrogen was added 
and the tissue digested as above, except that 
.02 X sodium acetate buffer was used. 

In all the tissues, the digests were ad- 
justed to pH 6-7, steamed and rehomogenized. 
These preparations were used for the assays 
of vitamin Be and pantothenic acid; for 
biotin determinations an aliquot ivas auto- 
claved at 120°C for 2 hours in 6 X sulfuric 
acid and neutralized; for nicotinic acid an 
aliquot was autoclaved at 120“C for 20 min- 
utes in 1 X sulfuric acid and neutralized; 
and for riboflavin and pyridoxine an aliquot 
was steamed at lOO^C for one-half hour in 
O.I X hydrochloric acid, adjusted to pH 4,5 
with sodium acetate, and filtered. 

Vitamin .Assays. The anah'ses of these 
tissues for their content of vitamin Be (em- 
ploying L. casci with the vitamin Be refer- 
ence standard of Parke, Davis &: Co.), biotin, 
pantothenic acid, nicotinic acid, and ribofla- 
vin were performed b\" modifications of the 

- Potter, V. B., .nnd Elrelijem, C. A., J. Biol. 
Chem., 193G, 114, 495. 

3 Jolmson, M. J., J. Biol. Chem., 1941, IS", 57.5. 
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TABLE I. 

Constituents of Media for Microbiological Assays. 


Aint./litcr double-strength medium 


Constituent 

Lactohacilli 

S. carlshcrgensis 

Casein hj-drolysate* (SJtACO, 10% soln.) 

100.00 ml 

so.oo 

ml 

Alkali treated peptonet 

10.00 g 


Teast e.xtraet aupplenientt 

2.00 ” 




Xorit treated peptonet 

0.40 ” 




(H-Alaninet 

0.40 ” 




fP-Trj'ptophane 

0.40 ” 




?-Asparaginc 

0.20 ” 



?-Cy.stino 

0.20 ” 




Glucose 

40.00 

40.00 

g 

Sodium acetate (anliyd.) 

24.00 ” 




Pota.ssium citrate • IIoOJ 

1.00 ” 

10.00 

if 

Citric acid • HnO 



2.00 

a 

K 0 HPO 4 

1.00 ” 

O.GO 

3 3 

KilnPO,, 

1.00 ” 

0.60 

3 } 

ltgS04 • 7HoO 

0.40 ” 

0.20 

3 3 

FCSO 4 ■ IHnb 

20.00 mg 

10.00 

mg 

MiiSOi • 4HoO 

20.00 ” 

10.00 

3 3 

XaCl 

20.00 ” 

10.00 

3 3 

Adenine sulfate 

20.00 ” 



Guanine hydrochloride 

20.00 •’ 




Uracil 

20.00 ” 




Xanthine 

20.00 ” 

— 


i-inositol 

— 

20.00 

3 3 

Xientinie acid 

2.00 ” 

— 


Pyridoxine In’drnchloride 

2.00 ” 

— 


Ciilcium pantothenate 

1.00 ” 

2.00 

3 3 

Hiboflayin 

1.00 ” 




Tliininine hj'drochlorido 

1.00 ” 

1.00 

3 3 

p-Aminobenzoio acid 

0.10 ” 

__ 


Biotin 

0.01 ” 

0.01 

3 3 

Ad.just to pll 

C.5-0.C 

5.2-5, 

5 

* Omitted in the riboflayin assay.® 
t Added only in the riboflayin assay.® 
t Added only in the yitamin B,. assay.4 

{ Preyents precipitation of the miner, al salts in the Lactohacilli assays. 


existing microbiological methods.'’'® The 
various media proposed for assa 3 -s with the 
Lactobacilli have been incorporated into a 
single medium which, with the modifications 
indicated, serves for all of the Lactobacilli 
assai's. The constituents of the medium are 
given in Table I, requiring only the omission 
of the vitamin under consideration for its 

^ Tcjjly, L. .T., and Elveli.icin, C. A., J. Sint. 
Chciii., 194,0, lo7, 303. 

a Wright, L. D., and Skcggs, II. It., Proc. Sor. 
JExp. Bioi,. .\XD Med., 1944, oG, 95. 

« Skeggs, H. It., and Wright, L. D., ,7. Siol. 
Chcm., 1944, 150, 21. 

> Snell, E. E., and Wright. L. D., J. Biol. Chcm., 
1941, 139, 675. 

SSnoll, B. E., and Strong, F. M., I ml and Eng. 
Chcm., Anal. Ed, 1939, 11, 346. 


assa\'. The assays employing the Lactobacilli 
were carried out in S ml quantities and in- 
oculated b\' the convenient procedure sug- 
gested b\- Black and Arnold.® The L. casci 
were incubated at 37°C and the L. arabiuosus 
at 30° C for 3 days and titrated electro- 
metrically with 0.05 X NaOH. PjTido.xine 
was determined b\' the 5. carlsbajcusis 
method’® emploidng the medium shown in 
Table I. The assays were run in 5 ml quanti- 
ties contained in 50 ml Erlenmet’er flasks. 
The flasks were incubated for IS hours at 


9 Black, T. L., and Arnold, A., Ind. and Eng. 
Chcm., Anal. Ed., 1940, 12, 344. 

10 Atkin, L., Schultz, A. S., Williams, AY. L., and 
Erev, C. X., hid. and Eng. Chem., Anal. Ed., 1943, 
15, 141. 
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30°C and growth was determined turbidi- 
metrically in the Evelyn colorimeter. 

Vitamin Be assays on 'bone marrow sam- 
ples extracted with ether at pH 4.5'^ indi- 
cated that fatty materials did not interfere 
with the assay. Recovery^ experiments on 
bone marrow for vitamin Be and on liver 
for vitamin Be and pantothenic acid also 
showed that the assays were functioning sat- 
isfactorily. The vitamin Be contents of 
some samples of liver and bone marrow were 
also determined by the Streptococcus jccalis 
R method.^- These values were 10-20% low- 
er than those obtained by the L. casci meth- 
od. Assays on the enzymes used for diges- 
tion of the tissues showed that there were 
insufficient quantities of the vitamins pres- 
ent to necessitate any correction in the values 
obtained. 

The vitamin content of the livers and kid- 
neys was expressed in amount per gram of 
dry tissue; while that of the bone marrow 
was expressed on the basis of amount per 
gram of nitrogen. We chose to express our 
vitamin concentrations per gram of nitrogen 
in the case of bone marrow since the con- 
stituents of this tissue are frequently ex- 
pressed on the basis of nitrogen or phos- 
phorus and because this procedure is experi- 
mentally convenient for bone marrow. 

Experimental. Each of the experiments 
presented in this paper (Series I and Series 
II) consisted of 3 groups of animals: a ?«mj- 
tard-treated group (fed ad libitum) which re- 
ceived topically 8 mg of mustard gas per 
kg of bodj^ weight and 2 control groups, one 
of which was fed ad libitum while the food 
allowance of the other was restricted to varj'- 
ing degrees as described below. IMustard 
gas was not administered to the control 
groups. The daily food consumption of each 
animal was recorded. The average weight 
of the animals at the beginning of the ex- 
perimental period was 50 g in Series I and 
46 g in Series II. 

Series I. In the mustard-treated group, 
analyses were performed upion the tissues of 

11 Bauernfeind, J. C., Sotier, A. L., and BorufE, 
C. S., InS. and Eng. Chem., Aval. Ed., 1942, 14, 666. 

i^Luckey, T. B., Briggs, G. M., and Elvehjem, 
C. A., J. Biol. Client., 1944, 152, 157. 


S animals which died 3-7 days after the ap- 
plication of mustard. The average daily food 
consumption of these animals was 3.4 g and 
the average daily loss in weight was 3.1 g. 

The food intake of each rat in the control- 
restricted group (8 rats) was limited to that 
consumed during the previous 24 hours by 
its paired member in the mustard group. 
Each animal was sacrificed 24 hours after 
the death of its paired-fed mate. The aver- 
age daily loss of weight in this group was 
1.3 g with considerable variation among ani- 
mals in the total loss of weight over the 
3-7-day period. The average daily food con- 
sumption of the control-ad libitum group (8 
rats) was 8.5 g and the average daily weight 
gain was 3.2 g. The animals were sacrificed 
on the fifth and sixth days of the e.xperiment. 

In general, the concentrations of vitamins 
in tissues from the mustard-treated and food- 
restricted groups were similar and differed 
from those of the groups fed ad libitum. 
These changes were particularly evident in 
the lii'er, where marked increases were noted. 
The changes observed in this series were 
similar to those tabulated for Series II (Ta- 
ble III). Of significance for the purposes 
of this report is the fact that the deviations 
from the normal in the partially-starved 
group could be correlated with the degree of 
weight loss of the animals. This was par- 
ticularl}’^ true for the concentrations of vita- 
min Be which increased in the liver and de- 
creased in bone marrow. As mentioned pre- 
viously, the weight changes in the members 
of this group were variable and could be 
accounted for by the variations in the food 
intakes of their partners in the mustardized 
group. It was also apparent that the utiliza- 
tion of food by the rats poisoned with mus- 
tard was impaired to varying degrees in in- 
dividual members of this group. Thus, the 
weight losses in these animals were uniform, 
in spite of the differences in food intake. 
These observations led to the conclusion that 
the vitamin changes in the mustard-treated 
animals were secondarj'' to inanition and that 
the extent of the changes in the paired-fed 
rats was conditioned by the weight loss of 
the animals. Accordingly, in Series II, the 
food allowance of one control group was 
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TABLE I. 


Constituents of Media for Jlierobiological Assays. 


Constituent 

Amt./liter double-strength medium 

Lactobacilli S. carlsbergcnsts 

Casein hrdrolTsate* (SJIACO. 10% solu.) 

100.00 ml 

80.00 ml ~ 

Alkali treated peptonot 

10.00 g 

— 

Yeast extract supplement t 

2.00 ” 

— 

Xorit treated pejitonet 

0.40 ” 

— 

dl-Alaninet 

0.40 ” 

— 

dl-Tryptophane 

0.40 ” 

— 

f-Asparnginc 

0.20 ” 

■ 

/-Cvstine 

0.20 ” 

— 

Glucose 

40.00 ” 

40.00 g 

Sodium acetate (anhvd.) 

24.00 ” 

— 

Potassium citrate • IIoO^ 

1.00 ” 

10.00 ” 

Citric acid • H„0 

— 

2.00 ” 

KeHP 04 

1.00 ” 

0.60 ” 

KH 0 PO 4 

1.00 ’’ 

0.60 ” 

MgSO^ • 7HoO 

0.40 ” 

0.20 ” 

FeS04 • 7H«0 

20.00 mg 

10.00 mg 

MnS04 ■ 4HoO 

20.00 ” 

10.00 ” 

XaCl 

20.00 ” 

10.00 ” 

Adenine sulfate 

20.00 ” 

— 

Guanine hydrochloride 

20.00 ” 

— 

ITncil 

20.00 ” 

— 

Xanthine 

20.00 ” 

— 

i-inositol 

— 

20.00 ” 

Xicotinic acid 

2.00 ” 

— 

Prridoxino livdrochloride 

2.00 ” 

— 

Calcium pantothenate 

1.00 ” 

0 

0 

ci 

Eiboflavin 

1.00 ” 

— 

Thiamine hydrochloride 

1.00 ” 

1.00 ” 

;)-Aminobcnzoic acid 

0.10 ” 

— 

Biotin 

0.01 ” 

0.01 ” 

Adjust to pll 

0.5-0.6 

5.2-5.5 


Omitted in tlie riboflavin assay.® 
t Added only in the riboflavin assay.® 
t Added only in tlie vitamin B^ assay.4 
Prevents precipitation of the mineral salts in the Lactobacilli assays. 


existing microbiological methods.^"® The 
various media proposed for assays with the 
Lactobacilli have been incorporated into a 
single medium which, with the modifications 
indicated, serves for all of the Lactobacilli 
assays. The constituents of the medium are 
given in Table I, requiring only the omission 
of the vitamin under consideration for its 

4 Tcply, L. it., and Elvolijom, C. A., J. Biol. 
Ctirm., 194.0, Io7, 303. 

atVriglit, L. D., and Skeggs, II. K., Proc. Soc. 
ddXP. Biol. -\xd JIed., 1944, oC, 95. 

oSkeggs, II. B., and AVriglit, L. D., J. Biol. 
Chvm.. 1944, 150, 21. 

< Snell, E. E., and tVrigbt, L. D., J. Biol. Chem., 
1941, 139, 675. 

8 Snell, E. E., and Strong, P. M., Ind. and Eng. 
Clicm., Anal. Ed., 1939, 11, 346. 


assay. The assa 3 's employing the Lactobacilli 
were carried out in 5 ml quantities and in- 
oculated by the convenient procedure sug- 
gested by Black and Arnold.® The L. casci 
were incubated at 37 '’C and the L. arabinosiis 
at 30° C for 3 days and titrated electro- 
metricalh' with 0.05 N NaOH. PjTidoxine 
was determined b\' the S. carhbergeusis 
method'" employing the medium shown in 
Table I. The assaj’s were run in 5 ml quanti- 
ties contained in SO ml Erlenmeyer flasks. 
The flasks were incubated for 18 hours at 


0 Black, T. L., and Arnold, A., Ind. and Eng. 
Chem., Anal. Ed.. 1940, 12, 344. 

10 Atkin, L., Schultz, A. S., Williams, IV. L., and 
Frey, C. X., Ind. and Eng. Chem., Anal. Ed., 1943, 
15, 141. 
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Neither mustard treatment nor starvation 
produced any change in the percentage mois- 
ture content of the livers or kidneys. 

Discussion. The foregoing data (Table 
III) demonstrate that severe starvation pro- 
duces a marked rise in the content per gram 
of tissue of several of the B vitamins in the 
liver and tliat these changes also occur in 
the kidney, tliough to a lesser extent. The 
only notable change in the bone marrow is 
the fall in the vitamin Be content. Although 
the riboflavin and pyridoxine values in the 
bone marrow show a trend in the opposite 
direction, it must be pointed out that the 
values in the stan'ed and normal groups 
overlap to a great extent. Increases in the 
succinoxidase*'" and nucleoprotein'^ contents 
of liver during starvation have been reported. 

It is also apparent (Table III) that the 
concentrations of the vitamins in the stan'ed 
group are very similar to those in the mustard- 
treated group. It appears, therefore, that 
the changes in the vitamin content induced by 
mustard treatment are secondary to the 
concomitant inanition. The effect of mus- 
tard upon the vitamin Be content of the 
bone marrow, however, appears to be specific. 
In this case the decrease in the vitamin due 
to the mustard treatment cannot be account- 
ed for solelj' by inanition. This observation 
is of interest in view of the well-known 
deleterious effect of mustard upon the leuko- 
poietic activity of the bone marrow. The 
prominent role of vitamin Be in leukopoiesis 
suggests that the action of mustard upon 
the bone marrow is exerted through its effect 
upon the metabolism of vitamin Be. 

Table II shows that both mustard treat- 
ment and stan'ation cause a considerable de- 
crease in liver size, both on an absolute basis 
and expressed as percentage of bodj' weight. 
Under such circumstances it becomes neces- 
sari' to reassess the significance of values 
based upon a unit weight of dry tissue. Two 
alternate methods of calculation present 
themselves: (a) determination of the total 
content of the constituent in the liver; or 

13 Axelrod, A. E., Single, K. F., and Elvelijem, 
C. A., J. Biol. CJiem., 1942, 143, 297. 

ii Davidson, J. N., and tVaymouth, C., Biochem. 
J; 1944, S8, 379. 


(b) calculation of the liver content per 100 g 
of body weight (percentage basis). Various 
investigators have elected to calculate the 
amounts of the following constituents in 
terms of one of these methods: vitamin,^® 
enzj'me,*^'^®’^' nucleoprotein and phospho- 
lipid.^* 

Comparisons based upon tlie total amount 
of tlie constituent in the liver would appear 
to be valid only when the weights of the 
various groups of animals are the same. On 
the other hand, the expression of values in 
terms of the liver constituent per 100 g of 
body weight compensates for slight differ- 
ences in body weight. Since the ratio of 
liver weight to bodi' weight in normal rats 
varies during growth, such a calculation when 
applied to growing rats should be employed 
only when the ages of the different groups 
of animals under comparison are similar. 

We believe that, under the conditions of 
the present experiment, calculations based 
upon the amount of liver constituent per 
100 g of body weight furnish the most re- 
liable basis for evaluating tlie significance 
of our data. Such calculations made from 
data for the liver given in Tables II and 
III (using amount of vitamin per unit of 
dry weight since the percentage drj' weight 
is the same in the 3 groups) demonstrate 
that both stan’ation and mustard treatment 
cause increases ranging from IS to 132% 
in the vitamin Bp, pantothenic acid, biotin 
and pyridoxine contents. No changes in the 
riboflavin and nicotinic acid values are ob- 
sen'cd. It is of interest that in the kidnej', 
where the vitamin values are expressed per 
unit of dry weight of tissue, riboflavin and 
nicotinic acid are also the only 2 vitamins 
whose contents are not affected bj' starva- 
tion or mustard. 

It is evident that the effects of inanition 
upon the contents of various liver constitu- 
ents must be considered in cases where se- 
vere starvation for a short period of time 

15 Sure, B., J. Biol. CJiem., 1945, 157, 543. 

1C Liglitbody, H. D., and Kleinman, A.. J. Biol. 
Chem., 1939, 129, 71. 

17 Schultze, M. 0., J. Biol. Chem., 1939, 129, 729. 

IS Kosterlitz, H. "W., and Cramb, I. D., J. 
Physiol., 1943, 102, ISP. 
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TABLE ir. 

Changes in Liver Size Eesulting from JIustard Treatment or Severe Starvation for 4 Davs 
, (Series II).* 


Group 

Starting wt (g) 

Final wt (g) 

IVt of liver (g) 

% liver t 

Control — ad Uh. 

40 

54 

3.10 

5.74 

(10 rats) 

(40-51) 

(45-59) 

(2.35-4.58) 

(5.06-C.lS) 

Control — rostrictocl 

40 

35 

1.22 

3.4S 

(10 rats) 

(39-50) 

(27-39) 

(0.09-1.07) 

(2.56-4.00) 

Mustard-treated 

44 

34 

1.30 

3.S2 

(10 rats) 

(40-40) 

(31-30) 

(1.03-1.00) 

(2.80-4.50) 


* Averages arc given with the range of values in parentheses, 
t Calculated from the final body weight. 


TABLE III. 


Effects of JIustard Treatment and of Severe Starvation upon the Concentrations of Titaniins of Eat 

Tissues (Shries II).* 


' Group 

Vitamin B 

c 

Pantothenic 

Acid 

Biotin 

Riboflavin 

Pyridoxine 

Nicotinic 

Acid 

Control — ad Uh. 

7.02 

Liver. 

225 2.31 

88.3 

10.2 

377 


(5.50-8.30) 

(151-304) 

(1.50-3.82) 

(02.4-110) 

(10.4-24.8) 

(334-420) 

” — Restricted 

19.7 

428 

5.01 

134. 

42.0 

554 


(10.9-30.3) 

(378-515) 

(3.70-0.02) 

(110-104) 

(35.8-53.4) 

(513-040) 

Mustard-treated 

24.3 

433 

4.71 

131. 

39.5 

540 


(14.7-33.0) 

(320-540) 

(3.70-5.98) 

(100-147) 

(34.2-40.5) 

(505-589)’ 

Control — ad lih. 

11.1 

Kidney. 

158 3.17 

112. 

15,7 

300 


(7.78-13.0) 

(140.108) 

(2.28-3.70) 

(104-124) 

(11.4-22.0) 

(280-320)' 

” — ^Restricted 

14.4 

200 

4.94 

111. 

25.4 

310 


(7.20-23.9) 

(218-317) 

(3.98-5.90) 

(87.0-140) 

(18.7-32.0) 

(283-338)' 

Mustard-treated 

10.2 

293 

5.04 

104. 

23.3 

'300 


(9.30-27.8) 

(243-350) 

(4.30-0.02) 

(91.0-117) 

(18.8-27.9) 

(290-335) 

Control — od Uh. 

20.1 

Bone Marrow. 

300 1.50 

202. 

30.2 

1033 


(22.4-30.4) 

(322-451) 

(1.05-2.18) 

(210-290) 

(10.7-67.0) 

(815-1325)' 

’ ’ — ^Restricted 

10.7 

332 

1.31 

359. 

03.2 

1079 


(14.3-20.2) 

(202-430) 

(0.73-1.80) 

(200-547) 

(35.0-93.0) 

(953-1250) 

Mustard-treated 

8.8 

381 

1.32 

203. 

42.5 

1220 

(4.9-14.0) 

(285-500) 

(0.54-1.82) 

(171-398) 

(32.4-50.7) 

(940-1570) 


* The liver and kidney values arc e.xprcssed as miciogr.'ims of vitamin per gram of dry weight; the 
hone marrow values are expressed as raicrograms of vitamin per gram of nitrogen. Values given rep- 
resent the averages of determinations on 10 samples, with the exception of vitamin in bone marrow. 


in which case 20 samples were analyzed. Ranges are given in parentheses. 


limited to amounts which kept the weight 
losses on a parity with those of the mus- 
tardized rats. 

Series II. In the mustard-treated group, 
analyses were made of the tissues of animals 
which died on the fifth day after mustard 
<’as application. The animals in the restricted 
oroup were each given 2 g of control ration 
daily for 3 days and no food on the fourth 
day The following day the animals in this 
group, as well as those in the control group 
fed ad libitum were sacrificed. This degree 
of food restriction resulted in weight losses 
equal to those of the mustardized rats (Ta- 


ble II). This e.xperiment was repeated ex- 
actly in order to obtain sufficient bone mar- 
row to complete the vitamin analyses. The 
vitamin contents of the liver, kidney, and 
bone marrow from 10 animals of each group 
were determined, with the exception of the 
bone marrow vitamin Bo in which case 20 
tissues from each group were analyzed. 

Weight changes in the 3 groups, along with 
the total liver weight and the percentage of 
liver in the rats (based on final body weight) 
are given in Table II for purposes of cal- 
culations to be discussed. The vitamin con- 
tents of the tissues are given in Table III. 
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Neither mustard treatment nor starvation 
produced an\^ change in the percentage mois- 
ture content of the livers or kidneys. 

Discussion. The foregoing data (Table 
III) demonstrate that severe starration pro- 
duces a marked rise in the content per gram 
of tissue of several of the B vitamins in the 
liver and that these changes also occur in 
the kidnej', tliough to a lesser extent. The 
only notable change in the bone marrow is 
the fall in the vitamin Be content. Although 
the riboflavin and pyridoxine values in the 
bone marrow show a trend in the opposite 
direction, it must be pointed out that the 
values in the starved and normal groups 
overlap to a great extent. Increases in the 
succinoxidase^“ and nucleoprotein^’' contents 
of liver during starvation have been reported. 

It is also apparent (Table III) that the 
concentrations of the vitamins in the star\'ed 
group are very similar to those in the mustard- 
treated group. It appears, therefore, that 
the changes in the vitamin content induced by 
mustard treatment are secondary to the 
concomitant inanition. The effect of mus- 
tard upon the vitamin Be content of the 
bone marrow, however, appears to be specific. 
In this case the decrease in the vitamin due 
to the mustard treatment cannot be account- 
ed for solelj’’ b}’’ inanition. This observation 
is of interest in view of the well-known 
deleterious effect of mustard upon the leuko- 
poietic activity of the bone marrow. The 
prominent role of vitamin Be in leukopoiesis 
suggests that the action of mustard upon 
the bone marrow is exerted through its effect 
upon the metabolism of vitamin Be. 

Table II shows that both mustard treat- 
ment and star\’ation cause a considerable de- 
crease in liver size, both on an absolute basis 
and e.xpressed as percentage of bod}’’ weight. 
Under such circumstances it becomes neces- 
sary to reassess the significance of values 
based upon a unit weight of dry tissue. Two 
alternate methods of calculation present 
themselves; (a) determination of the total 
content of the constituent in the liver; or 

13 Axelrod, A. E., Swingle, K. F., and Elvelijem, 
c. A., J. JBioT. Chem., 1942, 145, 297. 

Davidson, J. N., and 'Waymouth, C., Biochem. 
J; 1944, 38, 379. 


(b) calculation of the liver content per 100 g 
of body weight (percentage basis). Various 
investigators have elected to calculate the 
amounts of the following constituents in 
terms of one of these methods: vitamin,^'’ 
enziTiie,*"’^®’^’ nucleoprotein and phospho- 
lipid.^® 

Comparisons based upon the total amount 
of tlie constituent in the liver would appear 
to be valid only when the weights of the 
various groups of animals are the same. On 
the other hand, the e.xpression of values in 
terms of the liver constituent per 100 g of 
body weight compensates for slight differ- 
ences in body weight. Since the ratio of 
liver weight to body weight in normal rats 
varies during growth, such a calculation when 
applied to growing rats should be employed 
only when the ages of the different groups 
of animals under comparison are similar. 

We believe that, under the conditions of 
the present experiment, calculations based 
upon the amount of liver constituent per 
100 g of body weight furnish the most re- 
liable basis for evaluating tlie significance 
of our data. Such calculations made from 
data for the liver given in Tables II and 
III (using amount of vitamin per unit of 
dry weight since the percentage drj' weight 
is the same in the 3 groups) demonstrate 
that both starvation and mustard treatment 
cause increases ranging from IS to 132% 
in the vitamin Be, pantothenic acid, biotin 
and pyridoxine contents. No changes in the 
riboflavin and nicotinic acid values are ob- 
served. It is of interest that in the kidney, 
where the vitamin values are expressed per 
unit of dry weight of tissue, riboflavin and 
nicotinic acid are also the only 2 vitamins 
whose contents are not affected by starva- 
tion or mustard. 

It is evident that the effects of inanition 
upon the contents of various liver constitu- 
ents must be considered in cases where se- 
vere starvation for a short period of time 

15 Sure, B., J. Biol. Cltcm., 1945, 157, 543. 

1C Lightbody, H. D., .and Kleinman, A., J. Biol. 
Cltcm., 1939, 129, 71. 

IT Schultze, M. 0., J. Biol. Cltcm., 1939, 129, 729. 

IS Kosterlitz, H. W., and Cramb, I. D., J. 
Plttjsiol., 1943, 102, 18P. 
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TABLE II. 

Changes in Liver Size Besulting from Mustard Treatment or Severe Starvation for 4 D-ivs 
(Scries II) .* 


Group 

Starting wt (g) 

Final wt (g) 

Wt of liver (g) 

% livert 

Control — ad liV. 

40 

54 

3.10 

5.74 

(10 rats) 

(40-51) 

(45-59) 

(2.35-4.58) 

(5.0C-0.1S) 

Control — restricted 

46 

35 

1 09 

3.48 

(10 rats) 

(39-50) 

(27-39) 

(0.09-1.07) 

(2.50-4.00) 

Mustard-treated 

44 

34 

1.30 

3.82 

(10 rats) 

(40-46) 

(31-30) 

(1.03-1.00) 

(2.80-4.50) 


* Averages are given ivitli the range of values in parentheses, 
t Calculated from the final body rveight. 


TABLE III. 

Effects of Mustard Treatment and of Severe Starvation upon the Concentrations of Vitamins of Eat 
Tissues (Strics II).* 

Pantothenic Nicotinic 


' Group 

Vitamin B 

c 

Acid 

Biotin 

Riboflavin 

Pyridoxino 

Acid 



Liver. 




Control — ad lit). 

7.02 

225 

2.31 

SS.3 

16.2 

37/ 


(5.50-8.30) 

(151-304) 

(1.50-3.82) 

(62.4-110) 

(10.4-24.8) 

(334-420) 

” — Restricted 

19.7 

428 

5.01 

134. 

42.6 

554 


(10.9-30.3) 

(378-515) 

(3.70-6.02) 

(110-104) 

(35.8-53.4) 

(513-040) 

Mustard-treated 

24.3 

433 

4.71 

131. 

39.5 

546 


(14.7-33.0) 

(320-540) 

(3.70-5.98) 

(100-147) 

(34.2-40.5) 

(505-5S9> 


Kidney. 


300 

Control — ad lib. 

11.1 

158 

3.17 

112. 

15.7 


(7.78-13.0) 

(140-168) 

(2.28-3.70) 

(104-124) 

(11.4-22.0) 

(280-320> 

’ ’ — ^Restricted 

14.4 

200 

4.94 

111. 

25.4 

310 


(7.20-23.9) 

(218-317) 

(3.98-5.90) 

(87.0-140) 

(18.7-32.0) 

(283-338)' 

Mustard-treated 

10.2 

293 

5.04 

104. 

23.3 

■300 

(9.30-27.8) 

(243-350) 

(4.30-6.02) 

(91.0-117) 

(18.8-27.9) 

(290-335) 


Bone Marrow. 


Control — ad lib. 

20.1 

360 

1.50 

262. 

36.2 

1033 

(22.4-30.4) 

(322-451) 

(1.05-2.18) 

(216-290) 

(10.7-67.0) 

(815-1325)' 

’ ’ — ^Restricted 

10.7 

332 

1.31 

35.0. 

63.2 

1079 


(14.3-20.2) 

(262-430) 

(0.73-1.80) 

(200-547) 

(35.0-93.0) 

(953-1250) 

Mustard-treated 

8.8 

381 

1.32 

263. 

42.5 

1220 

(4.9-14.0) 

(285-500) 

(0.54-1.82) 

(171-398) 

(32.4-50.7) 

(940-1570) 


* The liver and kidney values are expressed as micrograms of vitamin per gram of dry weight; the 
bone marrow values are expressed as micrograms of vitamin per gram of nitrogen. A^alues given rep- 
resent the averages of determinations on 10 samples, with flic exception of vitamin B,. in bone marrow. 


in which case 20 .samples were analyzed. Ranges are given in parentheses. 


limited to amounts which kept the weight 
losses on n parity with those of the mus- 
tardized rats. 

Series II. In the mustard-treated group, 
anah'ses were made of the tissues of animals 
which died on the fifth day after mustard 
oas application. The animals in the restricted 
oroup were each given 2 g of control ration 
daily for 3 days and no food on the fourth 
dav The following day the animals m this 
group, as well as those in the control group 
fed ad libitum were sacrificed. This degree 
of food restriction resulted in weight loss^ 
equal to those of the mustardized rats (Ta 


ble II). This e.xperiment was repeated ex- 
actly in order to obtain sufficient bone mar- 
row to complete the vitamin analyses. The 
vitamin contents of the liver, kidneys, and 
bone marrow from 10 animals of each group 
were determined, with the exception of the 
bone marrow vitamin Be in which case 20 
tissues from each group were analyzed. 

Weight changes in the 3 groups, along with 
the total liver weight and the percentage of 
liver in the rats (based on final body weight) 
are given in Table II for purposes of cal- 
culations to be discussed. The vitamin con- 
tents of the tissues are given in Table III. 
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TABLE I. 

Toxicity of Amino Acids as Influenced liy Riboflavin Deficiency, 
10 rats to each set. 


Diet 

0 

% dead 

Months 

\ 

1 2 


Avg wt, g 
Months 

A 

1 2 

a'Tc Tvrosino 

0 

0 

0 

47 

S4 

162 

” ” Ribofi.-ivin ilof . 

0 

70 

100 

40 

00 

70 

10% Histidine 

0 

30 

40 

40 

08 

S2 

” ” Riboflavin def. 

0 

SO 

100 

42 

63 



5% Cvstine 

0 

0 

20 

51 

102 

173 

” ” Riboflavin def. 

0 

60 

80 

4S 

78 

64 

20% Glvcine 

0 

20 

40 

50 

74 

9S 

” ” Riboflavin def. 

0 

60 

100 

o3 

40 

— 

10% Glutamic acid 

0 

20 

40 

4S 

115 

19S 

” ” ” Riboflavin def. 

0 

20 

20 

47 

7S 

S4 

20% dl-trvptopliane 

0 

20 

40 

42 

/ D 

63 

” ” Riboflavin def. 

0 

20 

SO 

49 

41 

32 

Riboflavin def. 

0 

0 

10 

41 

78 

S9 


acids occurred tvithoiU exception in the 6 
instances reported. This is established both 
by the increased death rate and by the de- 
creased growth responses seen in the ribo- 
flavin-deficient animals. Tyrosine (5^), 
histidine (10%), and glycine (20%) were 
the most toxic amino acids in the riboflavin- 
deficient animals; whereas histidine (10%), 
glycine (20%), glutamic acid (10%) and 
Irv-ptophan (20%) were the most toxic in 
the rats receiving riboflavin. 

Discussion. The toxicity of tyrosine,*-® 
histidine, glycine,' tryptophan,® cystine,' 
lysine,® serine,® methionine,® leucine,® hy- 
droxyproline,® aspartic acid® has been report- 
ed. Glutamic acid is now added to this list. 


r- Sulliv.ni, M. X., Hess, tV. C., and Sebrell, AV. 
n., 17, S. Pub. llealih licp., 193-2, 47, 75. 

*■' Graham, C. E., H'ler, S. AV., and Ivlcin, David, 
Ahstrncts 110th Meeting A. C. S., 1946, 7K. 

"Curtis, A. C., and Newburgh, L. H., Arch. hit. 
Med., 1924, 20, S2S. 

s Fisliman, AA', II., and Artom, C., J. Siol. Chem., 
1942, 14.-}, 345. 

Earle, D. D., Small, K., and A’iclor, .1., J. Exp. 
Meil, 1942, 7C, 317. 


The results in this paper indicate increased 
toxicities for glycine, trvTitophan, glutamic 
acid, cystine, histidine and tyrosine in the 
presence of a riboflavin deficiency. Balance 
is the deciding factor but there is specificity 
in these balance relationships as shown by 
the increased toxicity of tyrosine in a ribo- 
flavin deficiency^ with no similar result in 
thiamin, pantothenic acid, folic acid, pyri- 
doxine and vitamin A and D deficiencies. 
It is reflected in the ability of certain amino 
acids to counteract increased toxicities Avhile 
others do not. As an example of this cystine 
decreased the toxicitj-^ of tyrosine,® while 
tTA'ptophan and glutamic acid have no effect. 

The explanation offered for consideration 
in the specific action of riboflavun deficiency 
in increased amino acid toxicities is that 
/-amino acid oxidase probably is a riboflavin- 
containing enzjTne.®® 

Summary. /-Cystine, (//-trj’ptophan, /- 
tyrosine, /-histidine, glycine, and d-glutamic 
acid are more toxic in the riboflavin-deficient 
rat than in the rat receiving this vitamin. 

lORatnor, S., Nocito, A’., anil Green, D. E., 
J. Biol. Chem., 1944, 132, 119. 
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results from a given set of experimental con- 
ditions. This factor is of particular signi- 
ficance when one is dealing with pharma- 
cological agents which often produce such a 
state of severe starvation. 

Summary. 1. The vitamin Bo, pantothenic 
acid, biotin, riboflavin, pyridoxine, and nico- 
tinic acid contents of the livers, kidne3's, and 
bone marrows have been determined in rats; 
(a) fed ad libitum; (b) treated with mustard 
gas; and (c) whose food intake was restricted. 
2. AVhen expressed on the basis of unit weight 
of tissue, increases of 50 to 180% were noted 
3n the vitamin concentrations of livers from 
the food-restricted group. Less marked in- 
creases occurred in the kidney, while a de- 
crease of 35% in the vitamin Be content of 
the bone marrow based on nitrogen content 


was observed. 3. With the e.xception of the 
vitamin Be content of the bone marrow, the 
changes observed in the partially-stan’ed 
group were also found in the mustard group. 
4. Calculations based upon the vitamin con- 
tent of the liver per 100 g of body weight 
indicate that both starvation and treatment 
with mustard gas cause increases ranging 
from IS to 130% in the vitamin Be, 
pantothenic acid, biotin, and pj'ridoxine con- 
tents of the liver. No significant changes 
occur in the riboflavin or nicotinic acid con- 
tents. 

We !iic indebted to tlie P.irkc, Davis and Com- 
panj- for tlie vitamin reference standard; and 
to Merck and Company for tlie synthetic vitamins. 
Tliis work wa.s done under a contr.act from the 
Medical Division of the Chemical Warfare Service. 
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Toxicity of Amino Acids as Influenced by Riboflavin Deficiency. 

Gustav J. Martin. 

From the Fe.tcnrch Department, The Xatinnal Dnir/ Company, Philadelphia, Pa. 


The therapeutic application of protein hy- 
drolysates has become common and as a re- 
sult it grows more and more important to 
understand interrelationships between amino 
acids, vitamins, minerals, etc. In the course 
of e.xperiments involving toxicity studies of 
histidine^ and tyrosine,- it became probable 
that- riboflavin deficiency was a key to in- 
creased amino acid toxicities. To establish 
this point, histidine and tyrosine toxicities 
were rechecked and cystine, glycine, glutamic 
acid and trjptophane were investigated. 

Experimental. The various ammo acids 
were incorporated into a synthetic diet at 
varying levels from 5 to 20% depending upon 
the relative toxicity of the amino acid under 
consideration. The amino acid replaced an 
equivalent amount of carbohydrate m the 

blsic diet. G lycine, /-tyrosine, f-histidine, 

1 M.urtin, G. J-, m press. 

2 Martin, G. J-, in P’^ess. To.q i 397 

.".Marlin, G. J., Arch. Diochcm., 1943, 1, 


f-cystine, if-glutamic acid and <//-tryptophan 
were used. The rats in all series showed 
crusted and bloody snouts, spectacled eyes, 
and diarrhea. The animals receiving glycine 
with or without superimposed riboflavin de- 
ficiency lost their hair; some became almost 
hairless. The rats were lethargic and ap- 
peared to lack muscular coordination. In 
those receiving gljmine without a superim- 
posed Bo deficiency the hair condition cor- 
rected itself after a few weeks. Emaciation 
was common. 

The sv^mptomatology seen in these rats on 
toxic levels of an amino acid is also seen in 
riboflavin deficiency* but it should be re- 
called that these manifestations are non- 
specific in nature. 

Table I summarizes our results. 

Accentuation of the toxicities of amino 

■1 McCollum, E. V., Oicnt-Keiles, E., and D.ay, 
H., Newer Knowledge of Nutrition, 1939, M.ic- 
niillan. New York. 
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group being purebred Hampshires and half 
Lincoln X Rambouillet crossbreds. A group 
of 8 ewes was spayed in September, 1944, 
and maintained for a period of 90 days with 
a group of similar ewes ser\-ing as controls. 
.At the end of this period, both groups were 
slaughtered and the pituitar\' glands re- 
moved for assay. .All ewes in the spayed 
group had acti%'e corpora lutea in their 
ovaries at the time of the operation, and 
the control ewes had corpora lutea indicat- 
ing recent ovulations at the time of slaughter. 
Thus, all ewes appeared to he in a reproduc- 
tive condition normal for the breeding season. 

.A group of ewes from the same band was 
bred in the fall of 1944 and showed that 
they were reproductively normal by pro- 
ducing lambs during February and March 
of 1945. The lambs were weaned April 1, 
1945 and on .April 13 a group of S ewes was 
spayed. The%- too were maintained with a 
group of similar ewes which ser\-ed as con- 
trols. .All ewes were slaughtered after a 
period of 90 days and the pituitarj' glands 
removed for assay. .At the time of spajing, 
all the ovaries removed were inactive with 
no follicle larger than 5 mm in diameter be- 
ing obser\-ed. During the period from spay- 
ing until slaughter, an active painted teaser 
ram was kept with the control ewes and 
none showed an estrual period. Thus, all 
ewes were anestrual in a manner tjTiical of 
the season. There was some ovarian activity 
since, at autopsj*, one of the control ewes 
was found to have a fresh corpus luteum and 
4 others had follicles as large as 8 mm in 
diameter. Three of 15 other ewes from the 
same band, slaughtered the same day, were 
found to have corpora lutea. 

The pituitary glands were removed with- 
in 30 minutes after slaughter and immedi- 
ately placed in an e.vcess of acetone.! .After 
being taken to the laboratory, usually a mat- 
ter of from 4 to 5 hours, as much of the 
adhering connective tissue as possible was 
removed, the glands cut into small cubes, 
and the acetone changed. Three additional 

t The cooper.ition of .Armour and Co., Spohane, 
tVashington, in making possible the collection of 
the glands in their plant is gratefully acknowl- 
edged. 


changes of acetone were made at inten’als 
of 24 hours, after which drv'ing was com- 
pleted in desiccators containing calcium 
chloride. 

.After dryung, the individual glands were 
ground with a mortar and pestle until fine 
enough to pass through an 80-mesh (to the 
inch) screen. 

.Assays of individual pituitary glands were 
carried out with rats and chicks. In the 
rat assays, the increase in ovarian weight 
of 21-day-old females was used as an end- 
point. .A total dosage of 20 mg of pituitary' 
powder plus 4 mg of recrystallized hemin as 
an augmenter was suspended in 4^ cc of 
distilled water containing enough Ifi NaOH 
to dissolve the hemin and injected subcu- 
taneously in 9 equal injections over a period 
of 414 days. .Autopsies were performed 14 
to 16 hours after the last injection. In the 
chick assays, the increase in testis weight of 
day-old White Leghorn cockerels was used 
as an endpoint. A total dosage of 10 mg 
of pituitary powder was suspended in 2J4 cc 
of distilled water and injected subcutaneous- 
ly in equal injections once per day' over a 
5-day period. .Autopsies were performed 24 
hours after the last injection. 

The plan was to assay each gland on 2 
rats and 5 chicks, but due to some death 
losses among the assay animals during the 
injection period, a few mistakes in sexing of 
the chicks, and a shortage of powder in 2 
cases, data were actually’ available on a 
smaller number in some cases. 

Results and Discussion. The results show 
that n-ith both rats (Table I) and chicks 
(Table II) as assay’ animals the pituitary' 
glands of spayed ewes of both breeds pro- 
duced much greater responses than did the 
glands of the intact control ewes of the same 
breed. .As indicated in Table III, these dif- 
ferences were highly significant. The differ- 
ences betw’een seasons were not significant 
in either breed in either spayed or control 
groups. There was no significant overall 
difference between seasons and ■ the season- 
spay’ing interaction did not approach sig- 
nificance. Thus, the increase in gonado- 
trophic potency of the ewe pituitary' glands 
after spaying was apparently of about the 
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Gonadotrophic Potency of Ewe Pituitary Glands as Affected by Spaying, 

Season, and Breed.^ 

E. J. Warwick. (Introduced by F. F. IMcKenzie.) 

From Hie Division of Jnimal Utishandry, State College of TVasliington, Pullman, TTasli. 


The breeding season in ewes of most breeds 
is limited to the fall and early winter 
months.^"^ During the remainder of the 
year, the ewe is anestrual although the ovaries 
often show a certain amount of activity, es- 
peciall}’- during the last few weeks before 
the breeding season begins.^ 

A lowered activity on the part of the 
pituitary gland has been postulated as a pos- 
sible reason for anestrus in the ewe since 
injections of gonadotrophic hormones from 
pregnant mare serum or pituitary glands pro- 
duce ovulation in a high percentage of 
anestrual ewes.^-' The great variability in 
response to injections of this kind,®-' how- 
ever, raises a question as to whether other 
physiological factors may be involved. 

The gonadotrophic hormone content of the 
pituitary gland of the male 13-lined ground 
squirrel increases greatly during the breed- 
ing season,® suggesting that at least in this 
species hormone content of the gland is cor- 
related with secretory rate and the activity 
of the gonads. The gonadotrophic hormone 


* Published us Scientific Payer Xo. 6S4, College 
of Agriculture and Agricultural Experiment Sta- 
tions, Institute of Agricultural Sciences, State 
College of Washington, Pullman. 

1 Cole, H. H., and Miller, B. F., Am. J. Anai., 


1935, 57, 40. 

2 McKenzie, P. F-, and Terrill, C. E., Mo. Agr. 
Ftp. Sta. Pcs. Pul. Fo. SGi, 1937. 

3 Schott, B. G., Phillips, B. W., and Spencer, 
D. A. Froc. Am. Soc. An. Prod., 1939, 39, 347. 

4 Hammond, J., J. Agr. Sci., 1944, 34, 97. 
sAIarshal, F. H. A., Froc. Boy. Soc. London 


fBl, 1937, 122, 413. 

CFrank, A. H., Schott, E. G., and Simmons, 
V. L., L. Anim. Sci., 1945, 4, 31/. 

7 Cole, H. H., Univ. Penn., Vet. Pxt. Pul. Ao. 06, 

^^fwMls, L. J-i Lndocrin., 1938, 22, 488. 


content of the pituitary gland of the male 
cottontail rabbit increases during the breed- 
ing season, but that of the female does not.® 
The gonadotrophic hormone content of ewe 
pituitary glands remains about the same dur- 
ing the breeding season and during anestrus,^® 
suggesting that a lack of pituitari- gland ac- 
tivit 3 ’- maji not be whollv' responsible for 
anestrus in the ew-e. 

The time of the breeding season is evi- 
dentljr dependent upon environmental fac- 
tors since it shifts when ewes are taken to 
the southern hemisphere.® The success which 
has been achieved in changing the breeding 
season bj-- modifying the amount of light 
received is further evidence in this regard.^^ 
The phj’siological mechanism through which 
environmental factors operate to control 
se.xual activit}- in the ewe has never been 
studied. 

The hormonic secretions of active gonads 
normally lower the gonadotrophic hormone 
content of the pituitary gland and a pro- 
nounced rise occurs after gonadectomy.^® 
Working upon the postulate that the pituitary 
gland of the anestrual ewe w-ould indicate 
its potential activity bj/ its abilit}^ to produce 
and store gonadotrophic hormones after spa}-- 
ing, the e.xperiment reported here was per- 
formed in an effort to elucidate some of 
the factors responsible for the anestrual con- 
dition. 

Materials and Methods. The experimental 
animals were 7-year-oId ew-es, half of each 

» Elder, W. H., and Pinerty, J. C., Anat. Pec., 

1943, 83, 1. 

10 Overfield, E., Darlmv, .4. E., and Casida, L. E., 
unpublished data, Wis. Agr. Exp. Sta. 

11 Sykes, J. F., and Cole, C. L., Mich. Qttar. Pul., 

1944, 20, 250. 

12 Engle, E. T., Am. J. Physiol., 1929, 88, 101. 
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These data show that the pituitary gland 
of the anestrual ewe is comparable to that 
of the breeding-season ewe in having the 
ability to store gonadotrophic hormones in 
increased amounts following spaying. Thus 
the anestrual ewe has the ability to produce 
appreciable amounts of these hormones, and 
the suggestion is strong that this ability may 
be as great as in the breeding-season ewe. 
This latter point cannot be considered as 
proven, however, since the amount of hor- 
mone stored in the gland may reach an 
equilibrium in less than 90 days. The data 
provide no information on the rate of in- 
crease. 

In view of the apparent ability of the 
anestrual ewe to produce gonadotrophic hor- 
mones, the current theorj' that anestrus is 


due to a lowered activity on the part of the 
pituitary gland ma\' have to be modified. 
Quite possibh' the immediate cause of the 
anestrual season is some changed phj^si- 
ological condition outside the pituitary gland 
which influences the ability of the ovarj" to 
respond to gonadotrophic hormones. Any 
attempt to discuss possible factors at this 
time would be mere speculation. 

Suvtmary. The gonadotrophic potency of 
pituitary glands from crossbred Lincoln X 
Rambouillet ewes was significantly higher 
than that of pituitaries from purebred Hamp- 
shire ewes. The gonadotrophic potency of 
glands from both breeds increased markedh’- 
during a 90-day period following spaying 
whether during the breeding season or dur- 
ing anestrus. 


15661 

Utilization of Glucose and Acetone Bodies by Gastrointestinal Tract in 
Fasting Normal and Diabetic Dogs. 

Lathan a. Crandall, Jr.,* Alys Lipscomb, and S. B. Barker. 

From Ihc Department of Physiotogp, University of Tennessee College of ^[ediciJie, Memphis, 

Tenn. 


-Although the method of arterio-venous 
differences has often been used to study the 
metabolism of rnuscle^"^ and of brain®-' in 
both normal and diabetic animals and men, 
this procedure has apparently seldom been 
applied to the gastrointestinal tract. It is 
now generally recognized that the RQ of the 
brain is alwaj's close to unity, and that it 
continues to remove glucose from the blood 

* Present address: Jlilcs Laboratories, Inc., 
Elkhart, Ind. 

1 Lawrence, D. B., Brit. Med. J., 1924, 1, 51C. 

- 'Wertheimer, B., Med. Klui., 1924, 20, 632. 

3 Bose, J. P., Ind. J. Med. Ees., 1935, 23, 1. 

•* Cavett, J. W., and Seljeskog, S. E., J. Lai. 
Clin. Med., 1933, 18, 1103. 

3Blitstein, L, Arch. Mai. Appar. Digest., 1939, 
20, 268. 

3 Himwich, H. B., and Nahum, L. H., Am. J. 
Physiol., 1929, 88, 680. 

■ Himmch, H. B., and Nahum, L. H., Am. J. 
Physiol, 1932, 101, 446. 


and utilize this sugar as its chief, if not its 
only fuel, under a great variety of conditions 
including fasting and diabetes. In skeletal 
muscle, however, it has been found bj’' all 
who have studied A-V differences in severe 
diabetes that either no glucose is removed or 
the amount removed is greatly reduced even 
after the administration of this sugar. Only 
Cavett and Seljeskog'^ report that as much 
glucose is removed in diabetic patients as in 
normal controls, but it seems improbable 
that thej"- studied severe diabetes for only 
one of their 8 patients had a blood sugar 
level above 180 mg/ml. Others have also 
reported nearly normal values in mild dia- 
betes,^-® but absent or reduced .A-A' differ- 
ences in severely diabetic patients. 

London® found that the portal blood of 
normal dogs contained 6 to 9 mg/100 ml 

8 London, E. S., Angiostomie u. Organestoffweeh- 
sel, Moscow, 1935. 
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Gonadotrophins in Ewe Pituitary Grands 


TABLE I. 

OvMiinn Bosiioiisos of Immature Bats to Iiiji'ctioiis of 20 mj; of Pituitary Powder and 4 mg 
of Kocrystallizcd Ilcmin. 


, Tyiie of donor owes 

Season in wliich Intact. ^ Spayed 

donor ewes , ^ — — ; ■ 

slauglitcrcd No. ewes No. rats A vg ovarian wt. No. cwo.s No. rats Avg orariainvt. 

mg Dig 


Breeding season; 


Hampsliirc 4 

Crosslrred 4 

Anestrns: 

Hampsliirc 4 

Crossbred 4 


•" Standard errors based on 


S l.u.O ± 4 

7, 27.9 ± 8.2 4 

S 13.4 ± 1.8 4 

8 20.0 ± 5.7 4 


reon ewe mc.an squares. 


7 34.1 ± 17.3 

S 134..1 ± 43.0 

S 30.0 ± S.2 

S S3.7 ± 19.S 


TABLE II, 





" “ ■ ' ^ 




Season in whicli 
donor ewes 
.slnuglitored 


/ 

Iiitnct 



Spayed 


1 

No. ewes 

No. chicks 

Avj» testis wt. Xo. ewes 

mg 

No. chicks Avg testis wt. 

mg 

Breeding season: 

Hampshire 

4 

17 

17.4 ± 2.4* 

4 

17 

19,5 ± 2.S 

Crossbred 

4 

10 

19.1 ± 3.0 

4 

17 

25.2 ± 4.0 

Anostrus: 

Hampshire 

4 

12 

14.0 ± 2.9 

4 

13 

22.1 ± 2.5 

Cross’brcd 

4 

13 

IS.O ± 2.7 

4 

14 

22.1 ± l.C 


* Standard error.s based on between ewe mean sqnarc.s. 


TiVBLE III. 

SiEnifieance of Various Factors Influencing the 
Gonadotropluc Potency of Ewe Pituitary Glands 
as Peternuned by Analysis of Variance. 

Type of assay 


21-day-oId 
female rat 


Day-old 

cockerel 


Season 

Breed 

Spaying 

Season X Breed 
Season X Spaying 
Breed X Spaying , 

Season X Breed X Spaying 


N.S. 

N.S. 

N.S. 

N.S. 

N.S. 


N.S. 

it 

«* 

N.S. 

N.S. 

N.S. 

N.S. 


Not statisticaUy ®rguificant. 
‘.^^Statistically significant P <• • 

.^Statistically bigbly significant P<.01. 

same order during anestros as during tie 
glan* »< Lincoln X 
Rsmbnnillet Sifc'Ses! 

"dged by't chicle or rat aasays, respective. 


The variances associated with the group 
means in the chick assay data were essential- 
homogeneous within the various groups 
and therefore well suited to the use of analysis 
of variance without transformation. The 
variances in the rat assay data were dis- 
tinctly heterogeneous, and it was necessary 
to transform the ovarian weights to the 
logarithms of their logarithms before the 
mean squares seemed independent. t 
Qualitative as well as quantitative differ- 
ences may e.\'ist between glands in their 
gonadotrophic hormone content. The degree 
of luteinization in the ovaries of the test 
rats was observed to be related to ovarian 
weight. Whether this represented a qualita- 
tive difference or merely a dosage effect is 
not known. Glands from spayed ewes in the 
2 seasons were very comparable in their 
ability to produce luteinization. 


t The interest and cooperation of Professor 
George W. Snedecor, Iowa State College, Ames, 
Iowa, in suggesting and making these transforma- 
tions is gratefully acknowledged. 
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TABLE I. 

Xormal Dogs. 

Ai tcrio-iioi'tal DilTci-cncos of Gliieoso, Lactic A cid, and Acetone Bodies. 

Alcan A-P differences and standard errors 

— ' ' ' ■ “■ ' — 

Glucose* Lactic acid* Acetone bodies* 


Total Xo. of samides 
Alean value, ing/100 ml 

GT removal: Xo. sainidos) 
liangc} 

Xo cliange: Xo. saniplest 
Panget 

GT additions; Xo. sainplesf 
Kanget 


+lto— 1 
4 

— 2 to — 5 


.^S 

- 0.1 0.22 


+1.8 ± 0..1 

30 G 

+2 to +G +0.G to +0.4 


20 

+0.O to — 0..J 
13 

—O.C to— 2.5 


37 

+0,38 rt 0.11 
14 

+0.Gto +1.S 

21 

+0,.j 1 0 ■ — O.o 


-O.G to —0.0 


* + indicates removal by gastrointestiiml tract, — addition to blood. 

t Xo. K.amples indicates tlie jiiimber of times tli.-it an amnnnf of stdjst.anee beyond tlic limits 
of error of the clieinica! method nas removed or added, all others considered as "no cliange. ’’ 

t "Pangc" indicates tlio range of value taken as indicating remov.al, no eliangc, or addition, 
respectively. 


TABLE rr. 

Diabetic Dogs. 

.Vrtcrio-portal Diffcrcuecs of Glucose. Lactic Acid, and .\cetone Bodies, 

Mean .\-P difi'eri iices and standard errors. 


r*" 

Glucose* 


Lactic acid* Acetone bodies* 


Total Xo. of samples 
ACean value, mg/100 ml 


+3.2 + aC 


33 

—0.37 ± O.IG 


33 

+ 1.S ± 0.45 


GT removal: Xo, samplest 
Eangc} 


21 

+2 to +10 


4 

+ 0.Gto+2,.l 


25 

+1.1 to+7.S 


Xo cliango: Xo. samplest 
Ranget 


S 

+1 to — 1 


15 

+0,5 to — 0,5 


5 

+ 1.0 to —1.0 


GT additions: Xo. samplest 
Range} 


4 

—2 to —3 


14 

—O.G to —2.5 


o 

— 1.1 to — 5.3 


*, t, } as in Table T. Xote ttiat tbo range considered to bo nitliin the limits of error of the 
acetone body method is 1.0 nig/lOO ml in diabetic dogs as compared ivith +0.5 in normal dogs; 
the higher range for the depancrcatized animals is due to their higher blond acetone body level. 


TABLE III. 

Comparison of Arterial Blood Levels and Arterio-portal Diffcrenecs in Dogs Fasted 3 and 5 Days. 

fXone of these changes is .statistically significant.) 


Gliico.se 

L;ictie acid 

Acetone bodies 

Ai'tcrial 

.Vrtcri.il 

< > 
Arteri.ui 

blood cone. A*P cliff. 

blood cone. A-P diff. 

blood cone. A.P. diff. 


3 day fasted 

GO 

1.!) 

8.3 

+0.2 

2.9 

0.23 

5 ” ” 

72 

1.3 

8.3 

—0.35 

5.G 

0.53 


the diabetic dogs were: glucose, — 336, lactic 
acid, — -13.4, and acetone bodies — 67.9. The 
hlood sugar and lactate levels showed a 
tendency to increase somewhat on the fifth, 
sixth, and seventh dajts after withdrawal of 


food and insulin, although no statistically 
valid correlation can be made. The acetone 
bod}' concentration averaged 37.6 on the 
third day and 86.3 on the fourth or later 
days, the highest value attained being 
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less glucose than the arterial, and that lactic 
acid might be either removed or added. 
Cherry and Crandall,® in dogs fasted 18 
hours, observed a difference of 2.9 mg of 
glucose and no significant change in lactic 
acid. In amytalized dogs fasted 28 hours, 
Wierzuchowski and FiszeU® report the re- 
moval of 1.9 mg of glucose and the addition 
of 3.1 mg of lactic acid. 

In the course of determinations on hepatic 
glucose output and blood flow in normaF^ 
and diabetic^® dogs, an opportunity was pre- 
sented to obtain data on the retention or out- 
put of glucose, lactic acid and acetone bodies 
b}"- the gastrointestinal tract. 

Methods. London cannulae were applied 
to the portal (and hepatic) veins of normal 
dogs by the usual method. Other animals 
were similarly angiostomized and the pan- 
creas completely removed at the second stage 
of the operation.. Survival of the angio- 
stomized-depancreatized dogs was promoted 
by postoperative treatment with sulfathia- 
zole. Both normal and depancreatized ani- 
mals were trained until they were not dis- 
turbed by the procedure of withdrawing blood. 
The diabetic dogs were kept on a diet of 
beef heart, raw pancreas, and milk with suf- 
ficient insulin (regular and protamine sep- 
arately injected once daily) to reduce the 
urinary glucose loss to 1 or 2 g per day , 
these animals were not used until they had 
been stable on this regime for at least 2 
weeks. The normal dogs were fasted 3 to 
5 days. Blood samples were then taken 
from the femoral artery and portal vein at 
intervals of 1 or 2 hours until 3 or 4 pairs 
of samples had been removed. Similar pairs 
of samples were taken from the depancrea- 
tized dogs 3 to 7 days after withdrawal of 
food and insulin. All blood samples were 
analyzed for glucose by the method of Shaf- 


L. A., Jr., Am. 


Physiol., 1938, 125, 41. 

10 'Wierzuchowski, M., 


and Fiszel, H., Bioch. 


J. 


Z., 


a., - c,™,.., l. a, 
C,..W1, L. A., Jr, »a *•> ■” 


press. 


fer and Somogyi,^® lactic acid by the method 
of Barker and Summerson,*'* and acetone 
bodies by the method of Crandall.^® 

Results. In Tables I and II we present 
the data on arterio-portal differences in nor- 
mal dogs and in depancreatized dogs that 
have been without food and insulin for 3 or 
more days. Since blood sugar levels and 
urine glucose loss in the depancreatized dogs 
became stabilized on the third day, we con- 
sider that the latter animals w'ere completely 
diabetic at this time. 

It will be noted that the gastrointestinal 
tract of the normal dog removes significant 
amounts of glucose and acetone bodies from 
the arterial blood, but has no consistent ef- 
fect upon the concentration of lactic acid. 
In more than half of all pairs of samples, 
there was no appreciable effect on lactic acid 
concentration, and although lactic acid was 
removed more often than it ■was added, the 
behavior of the gastrointestinal tract toward 
this substance is unpredictable. These state- 
ments apply' equally to animals fasted 3 
and 5 days. 

There are suggestive differences with re- 
spect to glucose and acetone bodies between 
dogs fasted 3 days and those fasted S days 
as shown in Table III, although none of these 
differences is statistically significant. 

The utilization of glucose, in terms of 
quantity per unit blood flow, is seen to be 
1.6 mg/100 ml higher in the diabetic dogs 
than in normal animals. This is an increase 
of 90% over the normal value, but the dif- 
ference only approaches statistical signifi- 
cance; t == 2.1, P<0.05. In the diabetic 
dog there is also an appreciable utilization 
of lactic acid, which is probably significant, 
and the utilization of acetone bodies is 
1.4 mg/100 ml greater than in normal dogs. 
The t for the difference in acetone utiliza- 
tion betw'een normal and diabetic dogs is 
3.1, P<0.001. The average blood levels in 

13 Shaffer, P. A., and Somogyi, M., J. Biol. Chem., 
1933, 100, 695. 

ii Barker, S. B., and Summerson, "W H / Biol 
Chem., 1941, 138, 535. 

lo Crandall, L. A., Jr., J . Biol. Chem., 1940, 133, 
539. 
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Acetylation of Sulfanilamide as Influenced by the Thyroid.^ 

J. Fraenkel-Conrat and David jM. Greenberg. 

rrriin the Division of Dinchcmistni, Univcrsitu of Cuiifornia Mcdirat School, Dcrl-cUy. 


The aceU'lation of sulfanilamide has proved 
to be a useful reaction for the determination 
of the acetylating capacitj'^ of the animal or- 
ganism. The reaction has been shown to 
take place in the liver'-- in most animal 
species and to be irreversible.-"’"^ An increase 
in the degree of acetylation was observed 
following the administration of various 
metabolites, such as acetate,®"® pyruvate,'-'® 
lactate," alcohol® and glucose.' The itt vitro 
e.xperiments of Klein and Harris® and of 
Lipmann" demonstrated an increased reac- 
tivity if acetate, pyruvate, lactate, aceto- 
acetate, or acetoin were added to the reaction 
vessels. Lipmann, using pigeon liver as the 
most adaptable tissue for these studies, found 
the conjugation to take place not only in 
the slice but also in homogenates and even 
in extracts of the liver. 

Inasmuch as the thyroid greatly affects 
metabolism and products of intermediar}' 
metabolism have been shown to influence the 
degree of acetylation of administered aromatic 

* -Aidi’d by a gr.'int from tlic Jolin and Mary K. 
Marklt- Foundation. 

1 Stewart, .T. D., Kourkc, G. M., and Allen, J. G., 
Surjcri;, 1939, 5, 232. 

2 Klein, J. B., and Uarris, .T. S., J. Biol Chem., 
1038, 1S4, 613. 

3 Fishman, IV., and Cohn, M., J. Biol. Chcni.. 
1943, 148, 019. 

r van IVinkle, IV., and Cutting, W. C., J. Phann. 
anil Exp. Thcrap., 1940, 60, 40. 

■'Bobinson, E. J., and Crossley, M. L., Arch. 
Biochem., 1943, 1 , 415. 

8 Bernhard K., Z. 2 diysiol. Chem., 1940, 207, 91, 
99; 1941, 271, 208; 1942, 273, 31. 

' Harrow, B., Mazur, A., Borek, E., and .Sherwin, 
C. P., J, Biol. Chon., 1934, 105, xxxiv. 

s Harrow, B., Mazur, A., and Sherwin, C. P., 
Biochem. Z., 1937, 293, 302. 

0 James, G. 0., Biochem. J., 1939, 33, 1688; 
1940, 34, 633. 

lo Martin, G. J., and Bennebaum, E. H., J. Biol 
Chem., 1943^ 151 ^ 447 

'1 Lipmann, F., J. Biol. Chem., 1945, ICO, 173. 


amines, a stud\' of the effect of the thi’roid 
on the in vivo acetylation of sulfanilamide 
was undertaken. 

Methods and Results. The e.xperiments 
here reported were carried out on female 
rats weighing approximately 200 g. The 
series consisted of untreated controls, rats 
which had received a diet consisting of 
desiccated thjToid for 2 to 3 weeks, rats 
which had been thyroidectomized 2 to 3 
months prior to the experiment, and rats 
which had received 0.1% thiouracil in their 
drinking water for 3 weeks. The animals 
were fasted overnight, injected with 5 ml of 
appro.ximatelj' 1% sulfanilamide solution, 
put in metabolism cages with free access to 
food and water for 24 hours, and the urine 
collected and analyzed according to the meth- 
od of Bratton and Jilarshall.'® The total 
amount of sulfanilamide e.xcreted was approx- 
imately the same in all instances. The per 
cent of this amount which was acetylated 
varied with the e.xperimental conditions; 
these data are recorded in Table I. 

Statistical analyses'® of tbe data were car- 
ried out by the standard procedure for small 
samples of determining the standard error of 
the difference between the 2 means. In the 
e.xperiments using hj-perthyroid rats, the 
difference between the means of the control 
and e.\-perimental groups was more than 3 
times the standard error, the difference be- 
tween the means of the controls and thio- 
uracil-treated group -n-as 2.5 and between 
the controls and throidectomized group it was 
2.2. Taken in conjunction with the proba- 
bilit}' of the occurrence of the deviations de- 
rived from Fisher’s “t” table, which is shown 
in Table I, the difference found in the hy- 
perthyroid group appears to be definitely 
significant; the differences in the thyroid- 

12 Bratton. A. C., and Marsball, E. K., J. Biol. 
Chem., 1939, 128, 537. 

iSArkin, H., .and Colton, B. B., Aa Outline of 
Statisticol Methods, 4tli edition, 1939, pp. 126-127. 
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210 mg/IOO ml in one dog on the fourth day. 

Discussion. From the data presented 
above we may conclude that the gastroin- 
testinal tract of the fasting normal dog 
utilizes glucose and acetone bodies, but has 
no consistent effect on the concentration of 
lactic acid. It should be noted that removal 
of appreciable quantities of acetone bodies 
could not be e.xpected to occur until the ani- 
mal had been without food for at least 24 
hours, for in the postabsorptive state these 
substances are not being manufactured by 
the liver and their concentration in the blood 
is insignificant.^® We ma.v also conclude 
that the gastrointestinal tract of the de- 
pancreatized dog from which food and insulin 
have been withheld for at least 3 days; 
(I) removes glucose possibly at a greater 
rate than the G-I tract of the normal ani- 
mal, (2) adds lactic acid to the blood, and 
(3) removes acetone bodies at a more rapid 
rate than is true of the normal dog, the 
difference being in line with the higher blood 
acetone body concentration of this prepara- 
tion. 

Our present observations on normal dogs 
confirm the removal of glucose and incon- 
sistent effect on lactic acid previously noted 
in normal unanesthetized dogs,®'® although 
the quantity of glucose taken up is less than 
reported by London.® The uptake of lactic 
acid reported by IVierzuschowski and FiszeP® 
may be attributed to their use of amytal 
anesthesia, since it has been shown that an- 
esthetics may alter metabolic processes.^’’ 
Utilization of acetone bodies by the normal 
gastrointestinal tract and the A-P differences 
in depancreatized dogs do not appear to have 
been reported previously. The structures 
drained by the portal vein may now be ranked 
with skeletal muscle in their ability to use 
acetone bodies, and brain remains the only 

.Ir., I%T, H. B., iind Elini, G. J., 

Am. J. Physiol, 10 . 

17 Clierry, I. S., and Crandall, L. A., Jr., Am. J. 
Physiol., 1937, 120, 52. 


tissue which has been shown not to remove 
them.^® 

Of particular interest is the continued 
utilization of glucose by the gastrointestinal 
tract in the diabetic dog. Assuming that the 
portal blood flow is 1.5 liters/kg/hour, our 
value would indicate the removal of 48 mg 
of glucose/kg/hour. Of this quantiti' some 
1 1 .6% is returned to the blood as lactic acid, 
leaving about 42 mg/kg/hour unaccounted 
for and presumably o.\idized. This quantity 
would yield nearly' 4 calories per kg per day. 
It has been shown that brain utilizes little, 
if any, other fuel than glucose in diabetes 
and accounts for about 10% of the total 
resting metabolism," If then the utilization 
of glucose by the gastrointestinal tract ac- 
counts for another 8%, appro.vimately 18% 
of the heat production of the resting diabetic 
dogs could be accounted for by the o.vidation 
of glucose. 

This inference, that 88% of the glucose 
removed by the gastrointestinal tract is o.xi- 
dized, must of course be regarded as tenta- 
tive, pending the demonstration of the actual 
fate of this sugar. However, it is difficult 
for us to conceive of any other e.'vplanation 
for its disappearance. 

Summary. In the normal dog fasted 3 or 
5 days, the organs drained by the portal vein 
remove significant amounts of glucose and 
acetone bodies, but have no consistent effect 
upon the blood lactic acid. In the depan- 
creatized dog, 3 to 7 days after the with- 
drawal of food and insulin, these organs con- 
tinue ^ to remove statistically' significant ' 
quantities of glucose and increase their re- 
moval of acetone bodies. Under these con- 
ditions they add lactic acid to the Wood. If 
the glucose removed by the gastrointestinal 
tract of the depancreatized dog and not re- 
turned to the blood as lactate is oxidized, it 
will account for appro.ximately 8% of the 
animal’s resting metabolism. 

38 Craiitlall, L. A., Jr., ai^ 

Physiol., 1942, 138, 436. 
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TABLE I. 


Jn vitro Effect of Penicillin on the Coagulation 
Time of Nonna! and Heinopliiliac "Whole Blood. 


Final cone, of 
penicillin (units) 
per 2 cc of blood 

Coagulation time (min) 

Normal Hemopliiliac 

1000 

6.5 

33 

250 

6.0 

32 

25 

6.0 

33 

5 

s 

30 

2.5 

s 

30 

1.25 

s 

32 

0.75 

7.5 

32 

0.5 

7.0 

32 

0.25 

7.5 

32 

0 

7 

30 


Clot retraction normal in all tubes. 


oughly the effects of penicillin on blood co- 
agulation in both normal and hemophiliac 
subjects. 

Methods and Material. Six normal and 6 
hemophiliac subjects tvere studied; whole 
blood coagulation times by a modification® 
of the method of Lee and White at 37 °C, 
prothrombin times by a modification"* of 
the Quick ^lethod® and clot retraction were 
determined repeatedly in all patients. Capil- 
lary bleeding times, platelet counts and 
plasma fibrinogen concentrations were de- 
termined in many of the experiments. Peni- 
cillin levels® were determined in all patients. 

In vitro tests were performed to deter- 
mine the effect of penicillin at various con- 
centrations on the coagulation time of nor- 
mal and hemophiliac blood. Two cc of whole 
blood was added to 0.1 cc of various 0.85% 
sodium chloride dilutions of penicillin and 
coagulation times measured. 

Two normal and 2 hemophiliac subjects 


received oral penicillin in an initial dosage 
of 300,000 units, followed by 100,000 everj' 
2 hours for 48 hours. Four normal and 4 
hemophiliac patients received intramuscular 
sodium penicillin in single doses of 25,000, 
50,000, 100,000 and 200,000 units each. 

Results. In vitro: No effect was produced 
on the coagulation time of normal or hemo- 
philic blood by the in vitro addition of vari- 
ous dilutions of penicillin. The results are 
shown in Table I. 

In vivo: 1. Oral penicillin. No effect on 
the blood coagulation mechanism was ob- 
serc-ed after oral administration of penicillin 
in either normal or hemophiliac subjects. 
One typical case, a hemophiliac, is presented 
in Table II. 

2. Intramuscular penicillin. Four normal 
and 4 hemophiliac patients received intra- 
muscular penicillin in a single dose of 25,000, 
50,000, 100,000 or 200,000 units without ef- 
fect on coagulation time, clot retraction, 
prothrombin time, platelet count, bleeding 
time or fibrinogen concentration in spite of 
high plasma penicillin levels. 

One normal and one hemophiliac subject, 
each of whom received 200,000 units of peni- 
cillin intramuscularly are presented in Ta- 
bles III and IV. 

Discussion. Penicillin is used with such 
frequency that anj’^ contraindication to its 
use should be thoroughly investigated. The 
suggestion that penicillin might alter the 
blood coagulation reaction to such an extent 
that intravascular coagulation could be pro- 
duced or increased is important particularly 
in view of the frequency of penicillin ad- 


TABLE II. 

Effect of Oral Penicillin (100,000 Units Every 2 Hours) on the Blood Coagulation of a 
Hemophiliac Subject. 


Time 

Coagulation 

time, 

(min) 

Clot 

retraction 

Prothrombin 

time, 

(sec) 

Pibrinogen, 
mg/100 cc 

Penicillin 

level, 

uuits/cc 

Before penicillin 

150 

normal 

21 

383 

0 

24 hr of penicillin 

160 

1 J 

22 

371 

0.11 

4S 

160 

ff 


338 

0.22 


sPohle, P. J., and Taylor, P. H. L., J. CUn. 5 Quick, A. .T., Stanley-Brown, M., .and Bancroft, 
Inrcst., 1937 ^ 741 F. w., Am. J. Med. Sci., 1935, 190, 501. 

■» Souter, A. "W., and Kark, E. M., Am. J. 3Ied. « Rammelkainp, C. H., Pkoc. Soc. Exp. Biol. 
Sci., 19-10, 200, 603. -‘U''i» JlED., 1942, ol, 95. 
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TABLE I. 


Acetylation of Sulfanilainide. 



% acetylated 



Exp. condition 

Exp. 

Control* 

Diff. 

Pt 

Hvporthyroidism 

30-t-l.S (11) t 

39 ±1.6 (11) 

—23% 

.01 

Thvroidectomv 

33 ±2.2 ( 7) 

39 -i- 1.2 ( C) 

—15% 

.05 

Thiouracil treatment 

44 ±1.5 (11) 

39-1-1.4 (11) 

—13% 

.05 


* For pncli experimental animal a control animal was run at the same time to minimize 
differences due to temperature, Iinmiditj', diet, etc. 

t Figures represent mean values ± the standard error. Xumbers in parentheses refer to 
number of rats per group. 

t Probability of oecuvrcnce of deviation, obtain from Fisher “t” table. 


ectomized- and thiouracil-treated groups 
just barel}'- significant. 

The results show that both h}'perthroidism 
and thyroidectoni}' produced a decrease in 
the degree of acetylation of sulfanilamide, 
whereas thiouracil treatment caused an in- 
crease. It is difficult to interpret the vari- 
ance in the effects of thyroidectomy and 
thiouracil. A possible e.vplanation may be 
that thiouracil e.yerts other effects tlian those 
depressing the activit}’’ of the thi'roid. 

It may be noteworthy to compare these 
results with the changes observed in an en- 
tirely different e.\-periment, in which the high 
energyr containing phosphate compounds of 


the liver were determined under similar con- 
ditions;^'* h.vperthyroidisni was associated 
with a decrease in the specific activity of the 
labile phosphorus, thjTroidectomy with no 
change in this value, and thiouracil treat- 
ment with an increased specific activit}' of 
the labile phosphorus. 

Summary. The influence of the thiTOid 
on the acetylation of sulfanilamide was 
studied. H\Tierthyroidism and thyroidec- 
tomy caused a decrease in the amount of 
sulfanilamide acetylated; thiouracil treat- 
ment led to an increase. 

H Grpoiberg. D. AT., Fraonkpl-Coumt, J., and 
Glendeiiiiig. M. !>., uupublisbed observations. 


15663 

Effect of Penicillin on Blood Coagulation.* 


Jessica H. Lewis. (Introduced by F. H. L. Taylor.) 

From the Thornclihe Memorial Lahoratory, Second and Fourth Medical Services (Sarvard), 
Boston City Sospital, and the Department of Medicine, Sarvard Medical School, Boston. 


Moldavsky, Hasselbrook and Catemo* have 
recently reported that both oral and intra- 
muscular penicillin consistently shorten the 
coagulation time of normal blood and produce 


*The expenses of this investigation were de- 
frayed in part by a gift to Harvard Hnivermty 
from Smith, Kline and French Laboratories, of 
Philadelphia, and in part by a grant “in recogm- 
tion of Dr. Francis AV. Peabody’s services to the 
Foundation by the Ella Sachs f 

IMoldavshy, L. F., Hasselbrook, W. B.. and 
Caterno, C., Science, 1945, 102, 38. 


a nonretractile clot. These authors also ob- 
served decreased bleeding times in patients 
receiving penicillin. Hines and Kessler- 
demonstrated increased sensitivity to heparin 
in 2 of 10 cases receiving penicillin but 
found no changes in the platelet counts or 
prothrombin times. 

The widespread use of penicillin makes 
this an important clinical problem. There- 
fore, it was decided to investigate more thor- 

2 Hines, L. E., and Kessler, D. L., J. A. M. A., 
1945, 128, 794. 
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BIURUBIH HI PLASMA AimTHORACIC DUCT 
LYMPH FOLLOiVIWJ ADMINISTRATION OF 
MANGANOUS CHLORIDE 
DOG # 127/TotRl 

(Prompt) 
Total 

15 24’ hours 

Fig. 1. 



be toxic to the liver of rabbits, rats, and 
guinea pigs. 

Material and i\Icthods. Seven male dogs 
were used, ranging from 18 to 20 kg in weight. 
The anesthetic employed was pentobarbital 
sodium in an amount of 35 mg per kg of 
body weight. The thoracic duct lymph was 
secured in the following manner; In ac- 
cordance with the ^larkowitz technic® the 
left subclavius vein was ligated, as were also 
the veins entering the e.xternal jugular just 
above its junction with the subclavius. In- 
stead of ligating the innominate vein, as 
recommended by I^Iarkowitz, a string was 
placed around it just below the entrance of 
the thoracic duct. The left external jugular 
was then ligated and cut at a distance of 
6-7 cm above the clavicle. A plastic can- 



nula 3 cm in length* was introduced in 
the proximal cut end of the external jugular 
vein. X sample of thoracic duct lymph could 
then be secured by pulling the string upward, 
thus impeding the flow of lymph into the 
general circulation. .A.t other times, the 
lymph flows through its natural channel, 
the string being loose and a small cork stop- 
pering the cannula. 

Four of the dogs were given 5 cc each of 
carbon tetrachloride, together with 5 cc of 
95% ethyl alcohol by stomach tube imme- 
diately following thoracic duct cannulation 
and again after 24 hours. Each of the re- 



Fig. 3. 


maining 3 dogs were given 800 mg of MnCL 
dissolved in 20 cc of physiological saline. 
Twenty-four hours later a second dose of 
4C0 mg was injected into each of 3 dogs. 
These amounts were injected intramuscularly. 

The laboratory methods used were the 
same as those described in a previous com- 
munication,' except for the alkaline phos- 
phatase which was determined by the 
Bodansky method.® 

Results. The bilirubin increased in both 
blood and lymph 12 hours following the first 

^ TUo ixutlior is indolitcd to Dr. .T. H, Griudloy, 
of the ^Inyo Clinic, Rochester, ^tinn., for suggest- 
ing the use of this type of cannula, and to the 
Irvington Varnish and Insulator Co.j Irvingtoiij 
for making it available. 

t Goiizalez-Oddono, Miguel V., Pnoc. Soc. Exp. 
Biou AND Med.. 104(1. <>3, 144. 

^ Bodansky, A., .1. Chem.^ 1037, 120, 1G7. 
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Effect Blood Co.guI.-,lio,. of 200,00 0 Unit's of Pcicillin Intranniscularly in a Xonnal Sub.ieet. 
^ Oo;ijruifition J*rntln*nnil»iii 


J line 
(hr after 
injection) 

Coagulation 

time 

(min) 

Prothrombin 

time Clot 

(sec) retraction 

Bleeding 

time 

(min) 

Fibrinogen, 
ing/lOO (*c 

Penicillin, 

unit/ec 

Initinl 

14 

0 

.3 

4 

81/. 

9 

71/. 

71/a 

8 

00 

10 

21 

00 

00 

normal 

t J 

} f 

f f 

f 1 

1 

1 

11/ 

11/1 

1 

243 

230 

232 

204 

231 

0 

7.15 

0.45 

0.11 

0.05 


Effect on Blood Congulation of 200,000 


TABLE IV. 

Units of Penicillin Inti ainuseiil.'irlv in a Ilcmopliiliac 
Subject. 


Time 
(111- after 
injection) 

Control 

1 

O 

3 

4 


Coagulation Prothrombin 


time 

(min) 

time 

(see) 

Clot. 

retraction 

79 

20 

normal 

110 

20 

n 

SO 

20 

} f 

97 

19 

f y 

105 

21 

jf 


Bleeding Platelet 

tiine count, Fibrinogen, Penicillin, 

(min) X 1000 nig/100 cc unit/ec 


11/, 

O.jO 

224 

0 

1% 

289 

339 

7.15 

2’/ 

250 

336 

0.90 

21/. 

258 

250 

0.11 

2 

202 

280 

0.05 


ministration to patients suffering from throm- 
bophlebitis, coronary artery disease and bac- 
terial endocarditis. We were unable to demon- 
strate any effect of penicillin on either the 
normal or hemophiliac blood coagulation reac- 
tion, and therefore do not feel that considera- 
tion of intravascular blood coagulation offers 
any contraindication to the clinical use of 
penicillin. 

Conclusions. We were able to demon- 


strate any in vitro or in vivo effect of peni- 
cillin on the blood coagulation reaction. No 
significant changes were observed in coagula- 
tion time, clot retraction, prothrombin con- 
centration, fibrinogen concentration, platelet 
count or bleeding time of normal or hemo- 
philiac subjects. 

We are indebted to Clare Wilcox for the peni- 
cillin determination. 
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Studies of the Thoracic Duct Lymph in Experimental Liver Injury in Dogs. 

Miguel V. Gonzalez-Oddone. (Introduced by C. J. Watson.) 

From the University of Minnesota Hospital, Minneapolis, Minn. 


The purpose of the present communication 
is to report comparative studies of the 
bilirubin, alkaline phosphatase, chol^terol, 
bile acids and intravenously-administered 
bromsulfalein content of the blood and 
thoracic duct lymph of dogs acutely poisoned 
with carbon tetrachloride or manganous 


1 Meyer, J. B-, ^nd Pessoa, B. 
Med., 1923, 3, 177. 

2 Lamson, P. D., and McLean, 
and Fxp. Therap., 1923, 31, 237. 


S., Am. J. Trop. 
A. J., J. Fharm. 


chloride. A number of investigators^"® have 
used carbon tetrachloride by stomach tube 
to produce liver injury. A marked increase 
in its toxicity can be obtained by simultane- 
ous administration of ethyl alcohol.^ IVIan- 
ganous chloride was shovm by Findlay® to 

3 Freeman, S., Chen.^Y^^T^na I n 

J. Biol. Chem., 1938, 124, 79. 

4 Lamson, D. P., Gardner, G. H., Gustafson, 
B. K., Maire, E. D., McLean, A. J., and Wells, 
H. S., J. Fharm. and Exp. Therap., 1923 22 215. 

5 Findlay, G. M., Brit. J. Exp. Fath., 1924, 5, 92. 
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tistically significant changes, although the 
electrocardiograms remained within clinically 
normal limits. In 20 cardiac patients, most- 
ly definite or suspected coronary disease, 
we recorded the standard limb leads, 3 chest 
leads (CFi, CFn, CF 4 ) and the heart sounds 
before and at 30 and 60 minutes after a 
1000-calorie meal. In 2 patients additional 
chest leads were taken. The location for 
the chest leads was marked on the chest by 
means of a colored pencil. 

Out of 10 patients with some symptoms 
of angina pectoris but with normal electro- 
cardiogram before the meal and without any 
signs of decompensation, the electrocardio- 
gram became abnormal after the meal. The 
abnormality involved inversion of the T-wave 
in lead CFn or CF.| or increase in the size 
of a Q-wave in lead III, These patients felt 
no discomfort after the meal. 

In 5 ■ patients with coronary disease and 
abnormal electrocardiogram before the meal, 
the electrocardiogram became more abnormal 
with inversion of the T-wave in leads 1 , 2 
or CF 4 . Slight changes of the QRS-contour 
were also observed. In one patient, a transi- 
tory pulstis trigreminus appeared after the 
meal. 

In 2 patients with abnormal electrocardio- 
grams before the meal the chest leads ap- 


peared to be more normal after the meal; 
previously inverted T-waves in CF^ and CF 4 
became positive. Similar changes have been 
observed after exercise in coronary patients 
and cannot be interpreted as a sign of im- 
provement. 

In 2 patients with coronary disease and 
abnormal electrocardiograms, the meal pro- 
duced violent discomfort, associated with a 
pronounced ST-depression, especially in lead 
II. The discomfort as well as the ST-depres- 
sion was instantaneously removed by nitro- 
glycerine. “ In normal subjects the ST-seg- 
ment does not change after the meal. It 
seems probable that the ST-depression is due_ 
to a transitorj- coronarj- insufficiency, pro- 
duced by an abnormal reflex coronary con- 
striction.' In only one patient with an ab- 
normal ECG ivere the changes after the meal 
comparable to those obsen^ed in normal sub- 
jects. 

The present series is only of an exploratory 
nature, and no attempt is made to correlate 
the effect of meals on the electrocardiogram 
to the nature of the existing pathological 
changes. However, the series appears to show 
that the effect of meals is of importance for the 
clinical interpretation of electrocardiograms 
and for the standardization of procedure. 
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Radiosodium Tracer Studies in Congestive Heart Failure.'' 

Paul B. Reaser and George E. Burch. 

f’rom the Departvjent of JUedicinc, TiUanc Mcdicat School, and Charitii Hospital, Xetc Orleans. 


Extensive studies in this laboratorj^ on the 
distribution and turnover of sodium in car- 
diovascular states with (14.8 hour 34 
life) as a tracer led to the possible investiga- 
tion of long-term phenomena associated wnth 
Congestive heart failure and edema. For such 
Judies a long life isotope is necessary. Ra- 

-AiclecI by grants from The Hells Institute for 
Medical Research, Mrs. E. J. Caire Fund for 
ardiovaseular Research, and The Life Insurance 
-Ifcdical Research Fund, 


dioactive sodium 22 (3 t'ear 34 life) is listed 
in the isotope tables but has not been re- 
ported as used in biological studies. Through 
the cooperation of Professors il. D. Kamen 
and L. Hughes of the Washington Uni- 
versity Cyclotron, an experimental suppty 
was made available for investigation. The 
details of preparation, standardization, de- 
termination and safety will be described later. 
In view of the significant results as well as 
for the introduction of this technic in the 
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dose of MnCI^ and 24 hours following the 
first dose of CClj. The main component 
of the blood and Ij'mph bilirubin was .the 
r or prompt reacting type.®'^® Fig. 1, from 
one of the MnCE dogs is a typical example. 
The alkaline phosphatase increased as earh' 
as 12 hours following the first dose of MnClo 
in both lymph and blood, and a definite in- 
crease was noted in all of the dogs 24 hours 
following the administration of either of the 
toxic substances. Fig. 2 compares the tjrpical 
results from MnCE and CCb (one dog for 
each) . 

The total cholesterol changed very little 
in an\" of the experiments, either in blood 
or lymph, if anything showing a slight 
tendency to decrease. The same might be 
said for the cholesterol esters. The bile acid 
concentrations in blood and lymph showed 
no significant alterations in the experiments 
with either of the 2 to.xic substances. The 
behavior of the intravenously-injected brom- 
sulfalein was similar in all 6 of the dogs in 
which it was administered (3 iMnClj and 3 
CClj dogs). As noted in Fig. 3, the brom- 
sulfalein was retained in the blood at rela- 
tive high concentration, a dela3'’ed increase 
appearing in the thoracic duct lymph similar 
to that previously described for the 32-hour 
stage following common duct ligation. 

Discussion. The present results differ in 
a number of respects from those previously 
described for e.xperimental obstructive jaun- 
dice." The increase of serum bilirubin in 

» Diicci, H,, and Watson, C. .T., J. I.ah. and Clin. 
J/«7., 1945, SO, 293. 

in Watson, C. X, ISiood, 194fi, 1. 99. 


the lymph was not as early nor as marked, 
and the same was true for bromsulfalein, 
although, as noted above, there was a delayed 
increase in the lymph, similar to that seen 
32 hours following common duct ligation. 
The behavior of the bile acids was quite 
different in that, in the present e.xperiments, 
no increase was noted, while in the e.xperi- 
mental obstructive jaundice, the bile acids 
rose rapidly and to a marked degree in the 
h'mph. The alkaline phosphatase behaved 
quite similarly in the 2 groups of e.xperi- 
ments. While no attempt will be made to 
e.xplain these obserx'ations, the possibility is 
considered that the differences are due to a 
relatively greater hepatocellular and lesser 
cholangiolar injury in the present e.xperi- 
ments than in the e.xperimental obstructive 
jaundice. 

Sunimory. .A method is described that al- 
lows collection of thoracic duct lymph over 
a period of days, the lymph circulating 
through its natural channel during the in- 
tervals in which it is not being collected. 
Liver injury caused by either CCU or BlnCb 
were qualitatively^ comparable in dogs, the 
changes being more marked with the latter. 
An elevation of the alkaline phosphatase 
activity and bilirubin content of both blood 
and thoracic duct lyrniph were noted. The 
main component of the bilirubin was the 1' 
or prompt reacting type.®-^® The behavior 
of the injected bromsulfalein was comparable 
to that of the 32-hour stage, following com- 
mon bile duct ligation.® No significant 
changes were observed as regards the bile 
acids, total cholesterol or cholester esters. 
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Effect of Meals on the Electrocardiogram of Cardiac Patients." 


Ernst Simonson, C. A. McKinlay, and Austin Henschel. 

From the Zahoratory of Physiological Hygiene, Vnhcrsiiy of Minnesota, Minneapolis. Minn. 


In a previous communication, ^ we reported, 
for 12 normal men, the e ffect of meal^on 

• T "v 'Mill tlic 
search Foundation, Inc., ^ 

Dairy Council. 


electrocardiograms recorded 30 and 60 min- 
utes later. iMost of the electrocardiographic 
functions, especially' the T-wave, showed sta- 

1 Simonson, E., Ale.xamler, H., Henschel, A,, and 
Keys, A., Am. Heart J., 104G, 32, 202. 
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SALT AND WATER OUTPUT IN CONGESTIVE HEART FAILURE 


CD Control ^ CHE ■ CHF After diuretic 


URINE VOLUME SODIUM CLEARANCE 
Cccrmin) (cc blood cleared per minute) 


Ti 



Regular Low Regular Low 


SODIUM INTAKE 


TOTAL Na EXCRETED 
(counts per min. per cc) 





Regular Low 


Fig. 1. 

-U eomp.'irison of tlji* urine output, sodium t-leuriince. ;iu<l total sodium exc-retion on regular 
and low sodium diets in a congestive heart failure patient with and without a diuretic and a 
control subject. The heart failure patient was on a regular diet for G davs and on a salt-free 
diet for 9 days, without a diuretic being administered, and 20 days during which 10 injections of 
a diuretic were given. The control subject was on a salt-free diet for 9 days (with only the 
last four used in the calculations) and on a regular diet 10 days. 


identical conditions of salt and water intake. 

ith mercurial diuresis the congestive heart 
failure patients’ excretion of sodium was 
practically identical with the control and the 
excretion of water was greater (Fig. 1). In 
addition to the above data it was noted that; 
(a) The feces and vomitus counts were low 
and close to background, (b) The ascitic 


fluid and edema fluid were not appreciably 
different from the blood serum levels. (The 
removal of 1500 cc of ascitic fluid yielded as 
much sodium as would be excreted during 20 
days without a diuretic), (c) In the con- 
trol subject the blood serum Xa-- concentra- 
tion was found to decrease proportionately 
as the Xa-- was excreted in the urine. In 
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study of the mechanism of edema this report 
is presented. 

Two patients were followed simultaneous- 
ly for 10 weeks. All voided and catheterized 
urine specimens and daily blood samples were 
collected during the first 3 weeks for the 
control and in the first 4 weeks for the 
heart failure patient. Samples of feces, 
vomitus, ascitic fluid and edema fluid were 
obtained when possible. Over 1500 5-mlnute 
counts were made. All samples were done 
in triplicate. 

The congestive heart failure patient 
(elderly colored female) had hypertensive 
cardiovascular disease with acute failure and 
anasarca. This patient showed little if an}' 
improvement during her illness and died of 
acute heart failure 11 weeks after the study 
was started. The control was a young, col- 
ored female with vague arthraligic complaints 
of unknown cause. Both patients received 
the Na-- (less than 0.1 millicurie) as 200 
cc of a Ifo aqueous sodium chloride solution. 

These patients were allowed to reach 
equilibrium with respect to the introduced 
sodium (more than 12 hours) before the re- 
sults presented below were obtained. The 
determinations were made with a T.A-Bl and 
scale-of-64. Technical Associates Geiger- 
Muller Counter. 

Results. The effect of sodium intake on 
the excretion of sodium and water in the nor- 
mal, and in congestive heart failure with and 
without the use of a mercurial diuretic (so- 
dium salt of metho.xyoximercuripropylsuc- 
cinylurea with theophylline, — “iMercuhydrin,” 

1 cc l.M.)t was studied. It was found that 
the control required 5 days to reach a steady 
state of sodium excretion when placed on a 
low sodium diet. The results summarized in 
Fig. 1 are based on the succeeding 4 days. 
The congestive heart failure patient was on 
a low sodium diet (1.7 g NaCl or less, daily) 
without a diuretic for 9 days. During this 
time the mean sodium output of the control 
was 3.1 times that of the abnormal. This 
is to be expected because the available so- 
dium was reduced in both patients. How- 
ever, when it became readi ly available, such 

— n^esy UnkeiiaTTH^-itories, Milwaukee, 
VVis. 


as when they were on a regular hospital diet 
(10 g or more NaCl) with salt ad lib., the 
difference became quite marked. During 6 
days (without a diuretic) for the abnormal 
and 10 days for the control the latter e.v 
creted 90 times as much sodium. In one 
24-hour period this e.xceeded 200 times as 
much. That this was not due to the differ- 
ence in urine volume is indicated' by the fact 
that the latter were essentially the same on 
a low sodium intake and only 3.5 times 
greater in the control on a regular intake. 

The individual urine concentrations of 
Na.-- for the control were quite variable 
and no regular relationship e.xisted between 
urine volume and Xa'" concentration. A 
1 cc dose of the diuretic produced no ap- 
preciable effect in this patient. The conges- 
tive heart failure patient’s urine concentra- 
tions of Xa-- were fixed at a very low level 
and in many instances the counts were at 
background. There was little relationship to 
volume, e.g., a 10-fold change in volume was 
accompanied by no concentration changes. 
It might be added that the 6-day normal 
salt intake period for the congestive heart 
failure patient was initiated by a slow in- 
fusion of 1000 cc of, physiological sodium 
chloride solution. 

The question of selective sodium excretion 
after a mercurial diuretic is conclusively an- 
srvered for this patient. During the salt- 
free period (20 days) 10 1-cc injections of 
the diuretic were given intramuscularly. The 
average response rvas a 7-fold increase in salt 
output (Fig. 1). When salt w’as made availa- 
ble for 6 days this response consisted of an 
average increase of 75 times. In one 24-hour 
period it reached a 160-fold Increase. Fol- 
lowing the diuretic, the water output increased 
only 2.3 times w'ith salt restriction and 5.3 
times with salt given ad lib. The sodium 
diuresis preceded the water diuresis by 2-4 
hours. The diuretic became effective in less 
than 2 hours, reached a maximum in 4-6 
hours, and lasted rather uniformly for almost 
24 hours when given intramuscularh-. 

The question next arose as to the degree 
of normalcy approached by the treated con- 
gestive heart failure patient as determined 
by a comparison with the control under 
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SALT AND WATER OUTPUT IN CONGESTIVE HEART FAILURE 


CD Control ® CHE ■ CHF After diuretic 


URINE VOLUME 
(ccrtnin.) 


SODIUM CLEARANCE 
(cc blood cleared per minute) 



Regular Low 


Regular Low 

-SODIUM INTAKE 


TOTAL Na EXCRETED 
(counts per min. per cc) 



Regular 


Fig. 1. 

A eomparisun of tlic* urine outjmt, scidiuiii clearance, and total sodium excretion on regulnr 
and low sodium diets in a congestive heart failure patient with and ^vitlJOut a diuretic and a 
control subject Tlie lieart failure patient was on a regular diet for G days and on a salt-free 
diet for 9 days, vrithout a diuretic being administered, and 29 days during whicli 10 injections of 
a diuretic were given. The control subject was on a salt-free diet for 9 days (with only the 
last fonr used in the calculations) and on a regular diet 10 days. 


identical conditions of salt and water intake. 

ith mercurial diuresis the congestive heart 
failure patients' excretion of sodium was 
Practicallj' identical with the control and the 
t^’^cretion of water was greater (Fig. 1). In 
addition to the above data it was noted that; 
(a) The feces and vomitus counts M-ere low 
and close to background, (b) The ascitic 


fluid and edema fluid were not appreciably 
different from the blood serum levels. (The 
removal of 1500 cc of ascitic fluid yielded as 
much sodium as would be e.xcreted during 20 
davs without a diuretic), (c) In the con- 
trol subject the blood serum Xa— concentra- 
tion was found to decrease proportionateh' 
as the X'a'-- was excreted in the urine. In 
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study of the mechanism of edema this report 
is presented. 

Two patients were followed simultaneous- 
ly for 10 weeks. All voided and catheterized 
urine specimens and daily blood samples were 
collected during the first 3 weeks for the 
control and in the first 4 weeks for the 
heart failure patient. Samples of feces, 
vomitus, ascitic fluid and edema fluid were 
obtained when possible. Over 1500 5-minute 
counts were made. All samples were done 
in triplicate. 

The congestive heart failure patient 
(elderlj^ colored female) had hypertensive 
cardiovascular disease with acute failure and 
anasarca. This patient showed little if any 
improvement during her illness and died of 
acute heart failure 11 weeks after the study 
was started. The control was a young, col- 
ored female with vague arthraligic complaints 
of unknown cause. Both patients received 
the Na-- (less than 0.1 millicurie) as 200 
cc of a 1% aqueous sodium chloride solution. 

These patients were allowed to reach 
equilibrium with respect to the introduced 
sodium (more than 12 hours) before the re- 
sults presented below were obtained. The 
determinations were made with a TA-Bl and 
scale-of-64. Technical Associates Geiger- 
IMuller Counter. 

Results. The effect of sodium intake on 


the excretion of sodium and water in the nor- 
mal, and in congestive heart failure with and 
without the use of a mercurial diuretic (so- 


dium salt of methoxyoximercuripropylsuc- 
cinj'lurea with theophylline, — “iMercuhydrin, 

1 cc 1.:M.)+ was studied. It was found that 
the control required 5 days to reach a steadj' 
state of sodium excretion when placed on a 
low sodium diet. The results summarized in 
Fig. 1 are based on the succeeding 4 days. 
The congestive heart failure patient was on 
a low sodium diet (1.7 g NaCl or less, daily) 
without a diuretic for 9 days. During this 
time the mean sodium output of the co^rol 
was 3 1 times that of the abnormal. This 
is to be expected because the available so- 
dium was reduced in both patients^ How- 
^,er when it became r eadily available, 

yiihvaukce. 


AVis. 


as when they were on a regular hospital diet 
(10 g or more NaCl) with salt ad lib., the 
difference became quite marked. During 6 
day's (without a diuretic) for the abnormal 
and 10 days for the control the latter ex- 
creted 90 times as much sodium. In one 
24-hour period this e.xceeded 200 times as 
much. That this was not due to the differ- 
ence in urine volume is indicated by the fact 
that the latter were essentially the same on 
a low sodium intake and only 3.5 times 
greater in the control on a regular intake. 

The individual urine concentrations of 
Na-- for the control were quite variable 
and no regular relationship existed between 
urine volume and Na-- concentration. 

1 cc dose of the diuretic produced no ap- 
preciable effect in this patient. The conges- 
tive heart failure patient’s urine concentra- 
tions of R'a-- were fixed at a very low' level 
and in many instances the counts were at 
background. There was little relationship to 
volume, c.g., a 10-fold change in volume was 
accompanied by no concentration changes. 
It might be added that the 6-day normal 
salt intake period for the congestive heart 
failure patient was initiated by a slow in- 
fusion of 1000 cc of, phy'siological sodium 
chloride solution. 

The question of selective sodium excretion 
after a mercurial diuretic is conclusively an- 
sivered for this patient. During the salt- 
free period (20 day's) 10 1-cc injections of 
the diuretic xvere given intramuscularly'. The 
average response was a 7-fold increase in salt 
output (Fig. 1). When salt xvas made availa- 
ble for 6 day's this response consisted of an 
average increase of 75 times. In one 24 -hour 
period it reached a 160-fold increase. Fol- 
lowing the diuretic, the water output increased 
only 2.3 times with salt restriction and 5.3 
times with salt given ad lib. The sodium 
diuresis preceded the water diuresis by 2-4 
hours. The diuretic became effective in less 
than 2 hours, reached a maximum in 4-6 
hours, and lasted rather uniformly for almost 
24 hours when given intramuscularly. 

The question next arose as to the” degree 
of normalcy' approached by the treated con- 
gestive heart failure patient as determined 
by a comparison with the control under 
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tains glycine. 

Methods. Seventeen male, adult albino 
rats, approximately 6 months of age and 
previously subsisting on Purina Dog Chow 
were used for this study. Creatinine and 
hippurate clearances were done to ascertain 
the control rates of glomerular filtration and 
renal plasma flow respectively, .-^ppro.xi- 
mately one week later, each rat received 
30 mg of glycine per 100 g of body weight 
by stomach tube and the clearance studies 
were repeated immediately a f t e r w a r d s. 
The methods and calculations used in deter- 


TABLK r. 

Tlic Etfuut of Glycine on Creutininc nnd iniipurntc 
^Clearance of the Bat. 


Eat 

Before Glycine 

Aft 

Cl- Glycine 

u.v.» 

C.C.t 

n.c'.t 

U.AG 

C.C. 

H.C.' 

27 

1.75 

30.4 

ISO 

2.0 

41.5 

101 

2.) 

.■5.00 

40.S 

212 

4.4 

36.2 

140 

93 

4.95 

3!).0 

pn 

5.2 

41.5 

144 

72 

3.7 U 

30.4 

130 

2.0 

28.0 

182 

92 

5.0 

4S.S 

17o 

3.5 

39.2 

157 

Ot 

4.0 

30.5 

202 

4.7 

40.0 

146 

10 

O.GO 

IS.G 

01 

4.75 

44.0 

185 

12 

2.4 

34.8 

146 

3.00 

38.0 

89 

9S 

2.3 

34.G 

lOS 

2.80 

28.0 

119 

So 

3.6 

34.4 

158 

2.40 

40.8 

142 


4.9 

2S.5 

115 

0.00 

20.8 

64 

S8 

3.9 

43.7 

160 

2.10 

24.7 

108 

21 

3.6 

38.7 

134 

3.30 

10.8 

122 

09 

3.5 

38.8 

128 

2.75 

39.7 

128 


4.0 

32.5 

73 

2.25 

45.7 

81 

1 i 

4.G 

37.0 

138 

2.8.-. 

30.8 

101 

93 

4.00 

50.5 

152 

3.05 

42.8 

138 

Av. 

3.02 

37.1 

141 

3.14 

35.8 

132 


, lit), • '^'inals urine volume in cc ]ior hour. 

C.G. equals creatinine clearance in cc per 100 s 

‘r Jir * ^ 


t II.C. equals hippurate clearance in cc per 100 g 
per hour. i & 


' Friedman, M., Am. .T. Fhyiioh, 1047, to be 
published. 


mining the clearances have been reported 
in a previous stud}'.’ All clearances have 
been expressed in cc per hour per 100 g of 
body weight. 

Results. Inspection of Table I indicates 
that no significant change occurred in either 
the creatinine or hippurate clearance of the 
rat following the ingestion of glycine. Thus 
the average creatinine clearance was 37.1 cc 
per hour before and 35.8 cc per hour after 
the ingestion of glycine. Likewise, the aver- 
age hippurate clearance was 141 cc per hour 
before and 132 cc per hour after glycine had 
been given. The average urine volume per 
hour was 3.62 cc before and 3.14 cc after 
ingestion of glycine. This average decrease 
of 13% is perhaps of questionable signifi- 
cance. 

It should be noted that Pitts’’ also found 
no increase in the creatinine clearance of 
dogs after heavy glycine feeding, nor could 
Beyer ct a!.'’ observe an increase in the dog's 
creatinine clearance after feeding of such 
essential amino acids as tryptophane, leucine, 
isoleucine or valine. Finally it should be 
emphasized that the results of this present 
study only indicate that excess feeding of 
glycine appears to have no effect on renal 
hemodynamics. It is conceivable that were 
glycine to be reduced abnormally in the 
blood, changes in renal hemodynamics might 
occur. 

Coucliisioti. The administration of glycine 
to the rat had no demonstrable effect on 
either its rate of glomerular filtration or its 
renal blood flow. 

Tlu autlu»r wislifs to express Iiis thanks to Bar- 
bara Trousdale and Frances Greenberg for their 
technical assistance. 
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Differentiation of Soy Bean Antitryptic Factors. 

Donald E. Bowjian. 

From ihe Deportment of Diochemisiry and Pliarmacotoriy, Indiana University Seliont of 

Medicine, Indianapolis. 

In a preliminary report, the author called tion of navy beans which can be readily pre- 
attention to a water-soluble antitryptic frac- cipitated with alcohol, .\lthough a large 
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the congestive heart failure patient the pres- 
ence of edema when the sodium was injected 
made similar calculations impossible, (d) The 
Na-' was 50% e.Ycreted by the control sub- 
ject in 12 days and had disappeared in 10 
weeks. In the congestive heart failure only 
45% had been eLxreted in 10 weeks. 

Discussion. The urine concentration of 
sodium is somewhat dependent upon the 
blood concentration at the time the urine 
is being formed. The e.xact relationship is 
unknown. Sodium clearances were employed 
to express this relationship. It must be re- 
membered, however, that the term “clear- 
ance” cannot be used in the strict sense for 
sodium since the blood is less than 1% cleared 
of sodium during a single passage through 
the kidney. These patients formed urine of 
similar maximal concentration throughout the 
e.xperiment. In the control this was equal 
to the blood concentration. In the congestive 
heart failure case it was lower but approached 
the blood level as the latter declined. It ap- 
pears that the sodium concentrating ability 
in the congestive heart failure patient is 


fixed and not related to the blood level, 
w^hereas marked variations were possible in 
the normal. 

Sutumary. The use of a radioactive tracer, 
A'a--, on an apparently normal control and 
a congestive heart failure patient showed a 
marked difference in respect to the behavior 
of this substance. (1) The control patient 
excreted an average of 90 times as much 
sodium as the congestive heart failure pa- 
tient when both were given salt ad lib. (2) 
mercurial diuretic resulted in an increase in 
sodium excretion of 75-fold when the con- 
gestive heart failure patient was receiving 
salt ad lib. (3) A reduction of salt e.xcre- 
tion occurred in both when salt intake was 
restricted. However, the use of the diuretic 
still resulted in a 7-fold increase in the out- 
put of sodium in the congestive heart failure 
patient. (4) Other significant findings are 
presented. 

Tlie ynluahh tcchiiivul assistance of Miss SljirJpv 
Wiedcreoht and Messrs. G. Morgnvi, F. M. Parks, 
.T. Frutlialcr, .and It. Scliranicl is gratefully 
.acknowledged. 
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Effect of Glycine Feeding on Renal Hemodynamics of the Rat.* 


Meyer Friedman. 

From the Harold Bninu Iiislitntc for Cordiovasciilar Jlrsenrcli, Mt. /Hon Jlospitiil, San 

Francisco. 


The feeding of e.vcess protein or its con- 
stituent amino acids has been found general- 
ly to increase the urea clearance in man^-- 
and in dog.^''* However, other than the 
studies of Van Slyke cf ah? little is known 
about the effect of these substances on the 
renal blood flow. Moreover, some investi- 
gators^’” have observed that the creatinine 

* Aided by a grant from the D.azian Foundation 
for Medical Research. 

1 Addis, T., and Driirr, D. E., J. Fiol. Chem., 
1923, 55, 629. 

2Longley, L. P., and Miller, M., Am. J. Med. 
ScU, 1912, 203, 253. 

3 Van Slykc, D. D., Rhoads, C. P., Hiller, A., and 


clearance did not rise after the ingestion of 
excess amino acids. It seemed important 
then, to study the effect of the common 
amino acid, glycine on the renal hemo- 
dynamics of the rat. This amino acid was 
employed because most investigators*''* are 
agreed that whatever effect protein does have 
on renal function, resides in its amino acid 
content which in turn almost invariably con- 

Alving, A., Am. J. Physiol., 1934, 110, 387. 
i Pitts, E. F., J. Fnlritioii, 1935, 9, 657. 
r> Pitts, E. P., Am. J. Physiol., 1944, 140, 535. 

6 Beyer, K. H., Wright, L. P., Russo, H. F-, 
Skeggs, H. B., .mid P.-Uch, E. A., Am. J. Physiol, 
1940, 146, 330. 
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tains glycine. 

Methods. Seventeen male, adult albino 
rats, approximately 6 months of age and 
previously subsisting on Purina Dog Chow 
were used for this studje Creatinine and 
hippurate clearances were done to ascertain 
the control rates of glomerular filtration and 
renal plasma flow respectively. Approxi- 
mateh' one week later, each rat received 
SO mg of glycine per 100 g of body weight 
by stomach tube and the clearance studies 
were repeated immediately afterwards. 
The methods and calculations used in deter- 

TABLE I. 


TIic Effect of Glycine on Crcntininc .nnd Hippurate 
Cie.araiiee of the Rat. 



Before Glycine 

After Glycine 

E.it 




/ 



u.v,* 

C.C.t 

H.C.t 

u.y. 

C.C. 

H.C. 

27 

1,75 

30.4 

ISO 

2.9 

41.5 

101 

25 

S.fiO 

40.S 

212 

4.4 

36.2 

149 

93 

4.95 

39.0 

90 

5.2 

41.0 

144 

72 

3.70 

39.4 

139 

2.0 

28.0 

182 

92 

5.0 

48.8 

175 

3.5 

39.2 

157 

57 

4.0 

39.5 

'20‘1 

4.7 

40.0 

140 

10 

0.00 

18.0 

91 

4.75 

44.0 

185 

12 

2.4 

34.8 

140 

3.55 

3S.G 

89 

9S 

2.3 

34.0 

lOS 

2.S0 

28.0 

119 

35 

3.G 

34.4 

15S 

2.40 

40.8 

142 

29 

4.9 

28.5 

115 

0.90 

20.8 

04 

88 

3.9 

43.7 

100 

2.10 

24.7 

108 

21 

3.0 

38.7 

134 

3.30 

19.8 

122 

09 

3.5 

38.8 

12S 

2.7.1 

39,7 

128 

20 

4.0 

32.5 

73 

2.25 

45,7 

81 

/ / 

4.0 

37.0 

13S 

2.8.1 

30.8 

191 

93 

4.55 

50.5 

152 

3.05 

42.8 

138 

Av. 

3.02 

37.1 

U1 

3,14 

3.1.8 

132 


* equals urine volume in c c per hour, 
f C.C. equals creatimne elearauee in ee per 100 g 
per hr. 


t H.C. equals hippurate clearance in cc per 100 g 
per hour. 


' Friedman, II., Am. J. P/iy.sio(., 1917, to be 
puhlished. 


mining the clearances have been reported 
in a previous stud\'.’ All clearances have 
been expressed in cc per hour per 100 g of 
body w’eight. 

Results. Inspection of Table I indicates 
that no significant change occurred in either 
the creatinine or hippurate clearance of the 
rat following the ingestion of glycine. Thus 
the average creatinine clearance was 37.1 cc 
per hour before and 35.8 cc per hour after 
the ingestion of glycine. Likewise, the aver- 
age hippurate clearance was 141 cc per hour 
before and 132 cc per hour after glycine had 
been given. The average urine volume per 
hour was 3.62 cc before and 3.14 cc after 
ingestion of glycine. This average decrease 
of 13% is perhaps of questionable signifi- 
cance. 

It should be noted that Pitts’’ also found 
no increase in the creatinine clearance of 
dogs after heavy glycine feeding, nor could 
Beyer cl al.'^ observe an increase in the dog’s 
creatinine clearance after feeding of such 
essential amino acids as tryptophane, leucine, 
isoleucine or valine. Finally it should be 
emphasized that the results of this present 
study only indicate that excess feeding of 
glycine appears to have no effect on renal 
hemodynamics. It is conceivable that were 
glycine to be reduced abnormally in the 
blood, changes in renal hemodynamics might 
occur. 

Conclusion. The administration of glycine 
to the rat had no demonstrable effect on 
either its rate of glomerular filtration or its 
renal blood flow. 

The niitlior wishes to express Ims thanks to Bar* 
l)ara Trousdale and Frances Greenberg for their 
lerhiiical assistance. 
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Differentiation of Soy Bean Antiti-yptic Factors. 

Donald E. Bowman. 

From the Department of Biochemistry and Pharmacology , Xiifb'nim Ciiu'rrsify School of 

Mcclictnc, IndianapoUs, 


In a preliminary report, the author called tion of navy beans wLich can be readily pre- 
attention to a water-soluble antitryptic frac- cipitated with alcohol. Although a large 
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part of the trypsin-inhibiting material of S03' 
beans is not precipitated with alcohol, it is 
precipitated with acetone.^ It was further 
pointed out that so_y and other beans as w'ell 
as navy beans do, however, contain a trypsin- 
inhibiting fraction which can be repeated!}' 
reprecipitated with alcohol.- 

Kunitz soon crystallized this latter factor 
from soy beans and described some of its 
properties."’'* He found it to be a crystalline 
globulin which can be further recrystallized 
from 20% alcohol. Further comment re- 
garding the occurrence of this factor is hard- 
ly necessary: however, the tej-psin-retarding 
fraction of soy beans, which is quite soluble 
in 60% alcohol but insoluble in acetone, 
would appear to deserve further attention. 
Following the publication of our description 
of this fraction,* it was found that a note 
by Ham and Sandstedt^ had appeared short- 
ly before referring to what appears to be this 
material, and we wish to acknowledge their 
paper. They indicated that this antitryptic 
substance is destroyed upon treating an 
aqueous e.Ntract of the beans with 60% al- 
cohol, and they found no inhibiting action 
in aqueous e.xtracts of soy beans previously 
treated with 45% alcohol. Other properties 
given also differentiate it from the antitryptic 
substance which is found in alcohol precipi- 
tates of aqueous e.xtracts of soy beans. These 
investigators may have discarded the latter 
substance with the kaolin used to remove pro- 
teins since it will adsorb on kaolin. 

A number of soy bean preparations hav- 
ing antitryptic properties have been used in 
various investigations. Employing an ace- 
tone precipitate of an aqueous extract, Ham, 
Sandstedt, and JIussehl pointed out that the 
proteolytic-inhibiting material has a retard- 
ing effect on the growth of chicks.** Klose, 
Hill and Fevold observed similar growth ef- 

1 Bowman. D. 73., Pkoc. Soc. Exp. Biol, and 
1S44, 57, 139. 

eBawimui, U. E., Fcrt. Proc., 194o, 4. 84. 

:i Ivniiitz. it., Scicncr, 1945, 101, C(iS. 

4 Kvmitz, it., .7. Gen. Phu-iioh. 1946, 29, 149. 

r. Haul, iV. E., and S.mdstedt, R. 37., J- Piol. 
Chcin., 1944. lol, 505. 

fillani, 3V. E., Sandstedt, R. 37., and itussehl, 
F. E., '7. Bint. Clicm., 1945, 161, 635. 


fects and indicated that the substance which 
they employed is nondialyzable, can be pre- 
cipitated by salts, is inactivated by heat, and 
appears to be a protein which is concentrated 
in the acid-soluble (pH 4.2) fraction of soy 
bean protein.^ Tagnon and Soulier, employ- 
ing the inhibitor obtained by acetone precipi- 
tation of aqueous extracts as well as the 
crystalline material of Kunitz, observed 
marked anticoagulant activity on human 
whole blood and plasma.® Employing the 
acetone-insoluble and alcohol-insoluble frac- 
tions, the author has been unable to show 
a consistent influence on trypsin shock." 
Thompson has indicated that the alcohol- 
insoluble factor of navy beans does not modi- 
fy anaphylactic shock produced by egg al- 
bumin.® 

Unless definite precautions are taken, crude 
soy bean antitryptic preparations may con- 
sist of varying proportions of at least 2 fac- 
tors. This occurs especially when acetone 
is used to precipitate the active material 
from an aqueous extract. The object of the 
present report is to call attention to the dif- 
ference between the soy bean antitryptic sub- 
stance ■which can be extracted with water 
and precipitated with alcohol, called the al- 
cohol-insoluble factor, and the active material 
rvhich can be extracted with 60% alcohol 
and precipitated with acetone, called the 
acetone-insoluble factor. Both are soluble 
in water. 

Methods. Relative inhibition of tryptic 
activity was estimated by adding the experi- 
mental material to triplicate casein digestion 
preparations, and the degree of digestion was 
compared with that of the same number of 
control uninhibited preparations of equal vol- 
ume. run simultaneously. fVith final concen- 
trations of 0.01% of crude trypsin and 3.1% 
casein, approximately' half of the casein was 
digested at 38 °C in one hour in the absence 
of inhibiting agents. The actual degree of 
digestion was determined b.v the increase in 


T KIosc, A. A., Hill, E., .niwi Fevoltl, 17. L., PPxOC. 
.'Soc. Exp. PlOU. .i.vD 3tED., 7946, 02, 10. 

s Tagnon, H. ,7., and Soulier, J. P., Pkoc. SoC. 
Exp. Biol, axd 3Ied., 1946, 61. 440. 

!i TUonuisoii, R. h., personal coimnunicnti’in. 
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TABLE I. 

Cnmpavisnn of Antitryptic Preparations. 


7^ of nonnal nninUiliitcd digestion 
in tlie presence of inliil)itlng snlj- 
stances 


Tvoatnioiit :iml Roi tion used 

Acetoiio- 

insolnldc 

fraction, 

0.25%*“ 

.Alcoliol- 

insolulde 

fraction, 

0.04%^ 

1 

Crystalline 

material, 

0.0477* 

I’litre.atcd 

49.9 

52.5 

4G.9 

Miiterinl insoluble in uleoliol 

103.(1 

54.0 

47.3 

Entronted 

45.0 

54.2 

4G.S 

Material insoluble hi a solution 40^^ saturated nitli 
ammonium sulfate 

102.0 

oG.O 

49.5 

I'nti'c.itod 

44.8 

51.0 

47.0 

Material poluhlc in 2.5 Tt trialdoracotic acid 

4G.0 

97.0 

90.4 


* Concentration of untreated trypsin iniiibiting fraction in tlie casein digestion mixtures. 
Tlic concentration of tl\e treated inateriai would Inivc been the same except for tlie influence 
of the treatment. 


the refractive inde.x'" of the filtrate follow- 
ing the isoelectric precipitation of undigested 
casein with a constant amount of acetic acid. 
In all cases triplicate unincubated negative 
controls were run in which the casein was 
precipitated before the trypsin was added and 
the filtrate was employed immediately. 
Triplicate values ordinarily agreed quite well 
throughout. 

The material referred to as the acetone- 
insoluble factor was prepared by first ex- 
tracting 100 g of fine!}' ground untreated 
soy beans with one liter of 60% elhx'l al- 
cohol. The active material was then pre- 
cipitated from the centrifuged and filtered 
alcohol extract bc' adding 2 volumes of 
acetone. The precipitate was centrifuged 
down and immediately dried in a vacuum 
desiccator. The majoriU- of such prepara- 
tions were further redissolved and heated in 
2.5% trichloracetic acid at 98°C for 5 min- 
utes. .-Mter centrifuging down and discard- 
ing the precipitate the active substance was 
reprecipitated from the neutralized solution 
with 90% acetone. 

The alcohol-insoluble factor was obtained 
.' e.xtracting lOQ g of finely ground un- 
treated soy beans with one liter of water 
o\emight, after adjusting to pH 4. .After 
centrifuging, the supernatant aqueous e.x- 
ract Was precipitated by adding alcohol to 

WRobortion. T. B., J. Biol. Cliem., 19ie, 12. 23. 


60% concentration. The precipitate was 
centrifuged and dried in a vacuum desiccator. 

Results. Numerous preparations of the 2 
factors were employed and compared with a 
crystalline preparation provided by Dr. 
Kunitz. Tj-pical results are given in Table I. 
.As may be e.xpected from the methods of 
preparation, the solubilities of the 2 factors 
in 60%; alcohol are quite different. This can 
be shown more objectively by comparing the 
tr\-psin-inhibiting capacity of a suitable 
weighed amount of the untreated substance 
with the inhibiting capacity of an equal 
amount after extraction with 100 parts of 
60% alcohol by weight. The acetone-insolu- 
ble factor appears to completely dissolve, 
and no activity is apparent after centrifuging 
and drying any possible insoluble material 
and adding it to casein digestion mixtures. 
Under the same conditions the alcohol- 
insoluble factor and the crystalline material 
appeared to be insoluble and, as judged by 
trypsin-inhibiting capacity, essentially en- 
tirely recovered in the undissolved material. 

The acetone-insoluble factor does not pre- 
cipitate when present in 1% concentration 
in a solution 40% saturated with ammonium 
sulfate. .After centrifuging down any slight 
amount of insoluble material present, the lat- 
ter was redissolved and the pH adjusted to 
that of the digestion mixture. No anti- 
tryptic activity was observed. In contrast, 
under similar conditions the alcohol-insolu- 
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part of the trypsin-inhibiting material of soy 
beans is not precipitated with alcohol, it is 
precipitated with acetone.^ It was further 
pointed out that soy and other beans as well 
as navy beans do, however, contain a trypsin- 
inhibiting fraction which can be repeatedly 
reprecipitated with alcohol 

Kunitz soon crystallized this latter factor 
from soy beans and described some of its 
properties."’^ He found it to be a crystalline 
globulin which can be further recrystallized 
from 20% alcohol. Further comment re- 
garding the occurrence of this factor is hard- 
ly necessary; however, the trjqisin-retarding 
fraction of soy beans, which is quite soluble 
in 60% alcohol but insoluble in acetone, 
would appear to deserve further attention. 
Following the publication of our description 
of this fraction,^ it was found that a note 
by Ham and Sandstedt’ had appeared short- 
ly before referring to what appears to be this 
material, and we wish to acknowledge their 
paper. They indicated that this antitrjptic 
substance is destroyed upon treating an 
aqueous extract of the beans with 60% al- 
cohol, and they found no inhibiting action 
in aqueous extracts of soy beans previously 
treated with 45% alcohol. Other properties 
given also differentiate it from the antitryptic 
substance which is found in alcohol precipi- 
tates of aqueous extracts of soy beans. These 
investigators may have discarded the latter 
substance with the kaolin used to remove pro- 
teins since it will adsorb on kaolin. 

A number of soy bean preparations hav- 
ing antitryptic properties have been used in 
various investigations. Employing an ace- 
tone precipitate of an aqueous extract, Ham, 
Sandstedt, and Mussehl pointed out that the 
proteolytic-inhibiting material has a retard- 
ing effect on the growth of chicks." Klose, 
Hill and Fevold observed similar growth ef- 

1 Bowmiin, D. E., Proc. Soc. Exp. Biol. .\xd 
JlED.. 1044, 57, 130. 

2 Bowman, I). E., Fed. Proc., 104o, 4, S4. 

R Kunitz, M., Science, 194,1, 101 , fiOS. 

■t Kunitz, M.. J. Gen. Phijniol., 1940, 20, 149. 

.1 Ham, lY. E., .and S.andstedt, B. 11., J. Biol. 
Chem., 1044, 154 , 50,1. 

i>H,ani, IV. E., Sandstedt, E. II., and llusselil, 
E. E., .1. Biol. Chnn., 1045, 101 , 03.1. 


fects and indicated that the substance which 
they employed is nondialyzable, can be pre- 
cipitated by salts, is inactivated by heat, and 
appears to be a protein which is concentrated 
in the acid-soluble (pH 4.2) fraction oi soy 
bean protein.' Tagnon and Soulier, employ- 
ing the inhibitor obtained by acetone precipi- 
tation of aqueous extracts as well as the 
crystalline material of Kunitz, observed 
marked anticoagulant activity on human 
whole blood and plasma.-^ Employing the 
acetone-insoluble and alcohol-insoluble frac- 
tions, the author has been unable to show 
a consistent influence on trypsin shock.- 
Thompson has indicated that the alcohol- 
insoluble factor of navyr beans does not modi- 
fy anaphydactic shock produced by egg al- 
bumin.-' 

Unless definite precautions are taken, crude 
soy bean antitryptic preparations may con- 
sist of varying proportions of at least 2 fac- 
tors. This occurs especially ivhen acetone 
is used to precipitate the active material 
from an aqueous extract. The object of the 
present report is to call attention to the dif- 
ference between the soy bean antitryptic sub- 
stance which can be extracted with water 
and precipitated with alcohol, called the al- 
cohol-insoluble factor, and the active material 
which can be extracted with 60% alcohol 
and precipitated with acetone, called the 
acetone-insoluble factor. Both are soluble 
in water. 

Methods. Relative inhibition of tryptic 
activity- was estimated by adding the experi- 
mental material to triplicate casein digestion 
preparations, and the degree of digestion was 
compared ivith that of the same number of 
control uninhibited preparations of equal vol- 
ume, run simultaneously. With final concen- 
trations of 0.01% of crude try^psin and 5.1% 
casein, approximately'^ half of the casein was 
digested at 38°C in one hour in the absence 
of inhibiting agents. The actual degree ot 
digestion was determined by the increase m 


7 Klbse, A. A., Hill, B., and Fevold, H. L., PM . 
Hoc. E.XP. Biol. axi> Her., 194G, 62, 10. 

s Tagnon, H. J., and Snulicr, J. P., Paoc. -o ■ 
Exp. Biol, axu Heo., 1040, 01, 440. 

fl Tlionipsnn, B. L., personal communifati'ni. 
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TABLE I. 

CoDip.-iiisoii of Antitryptic Prnp.iratioiis. 


9^ of iioi mjil uninliibitod digestion 
in tlie presence of inhibiting sub- 
stances 


Treatment and [lortion used 

Aectone- 

insoiubie 

fmetion, 

0.25%* 

.Alcoliol- 

insolublc 

fraction, 

0.04%* 

, 

Crystalline 

material. 

0.04%*' 

X'ntroatod 

49.9 

5ti.5 

46.9 

Material in.snluble in 009 ^ alenliol 

103.0 

54.() 

47.3 

Untreated 

45.5 

54.2 

46.8 

Material iupolublo in a solution 40 9^ saturated with 
ammonium sulfate 

102.0 

50.6 

49.5 

Untreated 

44.S 

51.0 

47.0 

-Material soluble in 2.5% tricldoracctie acid 

40.0 

97.0 

99.4 


® Concentration of untreated trypsin inhil>iting fraction in tlie casein digestion mixtures. 
Tiie concentration of tlie treated materia! would have been tlie same except for the influence 
of the treatment. 


the refractive index'” of the filtrate follow- 
ing the isoelectric precipitation of undigested 
casein with a constant amount of acetic acid. 
In all cases triplicate unincubated negative 
controls were run in which the casein was 
precipitated before the trypsin was added and 
the filtrate was employed immediately. 
Triplicate values ordinarily agreed quite well 
throughout. 

The material referred to as the acetone- 
insoluble factor was prepared by first e.x- 
tracting 100 g of finely ground untreated 
soy beans with one liter of 60% ethyl al- 
cohol. The active material was then pre- 
cipitated from the centrifuged and filtered 
alcohol extract b}' adding 2 volumes of 
acetone. The precipitate was centrifuged 
down and immediately dried in a vacuum 
desiccator. The majority of such prepara- 
tions were further redissolved and heated in 
2-5% trichloracetic acid at 98'C for 5 min- 
gles. .\fter centrifuging down and discard- 
ing the precipitate the active substance was 
ceprecipitated from the neutralized solution 
nath 90% acetone. 

The alcohol-insoluble factor was obtained 
' ^'ilcacting 100 g of fineh' ground un- 
seated soy beans with one liter of water 
0'’ernight, after adjusting to pH 4. After 
centrifuging, the supernatant aqueous ex- 
cact was precipitated by adding alcohol to 

'''Kobertson, T. B., J. Biol. Cliem., 1912. 12. 23. 


60% concentration. The precipitate was 
centrifuged and dried in a vacuum desiccator. 

Results. Xumerous preparations of the 2 
factors were employed and compared with a 
crystalline preparation provided by Dr. 
Kunitz. Tipical results are given in Table I. 
.\s may be e.xpected from the methods of 
preparation, the solubilities of the 2 factors 
in 60% alcohol are quite different. This can 
be shown more objectively by comparing the 
trj-psin-inhibiting capacity of a suitable 
weighed amount of the untreated substance 
with the inhibiting capacity of an equal 
amount after extraction with 100 parts of 
60% alcohol by weight. The acetone-insolu- 
ble factor appears to completeh' dissolve, 
and no activity is apparent after centrifuging 
and drying any possible insoluble material 
and adding it to casein digestion mixtures. 
Under the same conditions the alcohol- 
insoluble factor and the crystalline material 
appeared to be insoluble and, as judged by 
tr\'psin-inhibiting capacity, essentially en- 
tirely recovered in the undissolved material. 

The acetone-insoluble factor does not pre- 
cipitate when present in 1% concentration 
in a solution 40% saturated with ammonium 
sulfate. .After centrifuging down any slight 
amount of insoluble material present, the lat- 
ter was redissolved and the pH adjusted to 
that of the digestion mixture. X'o anti- 
trj-ptic activity' was observed. In contrast, 
under similar conditions the alcohol-insolu- 
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part of the trypsin-inhibiting material of soy 
beans is not precipitated with alcohol, it is 
precipitated with acetone.^ It was further 
pointed out that soy and other beans as well 
as navy beans do, however, contain a trypsin- 
inhibiting fraction which can be repeatedh- 
reprecipitated with alcohol.- 

Kunitz soon cr 3 '^stallized this latter factor 
from soj' beans and described some of its 
properties."’^ He found it to be a cr\-stalline 
globulin which can be further recrj^stallized 
from 20^0 alcohol. Further comment re- 
garding the occurrence of this factor is hard- 
necessar}-; however, the tr^-psin-retarding 
fraction of so\' beans, which is quite soluble 
in 60% alcohol but insoluble in acetone, 
would appear to deserve further attention. 
Following the publication of our description 
of this fraction,^ it was found that a note 
b\' Ham and Sandstedt" had appeared short- 
ly before referring to what appears to be this 
material, and we wish to acknowledge their 
paper. The.v indicated that this antitrj'ptic 
substance is destroyed upon treating an 
aqueous extract of the beans with 60% al- 
cohol, and they found no inhibiting action 
in aqueous extracts of soy beans previously 
treated with 45% alcohol. Other properties 
given also differentiate it from the antitryptic 
substance which is found in alcohol precipi- 
tates of aqueous extracts of soy beans. These 
investigators may have discarded the latter 
substance with the kaolin used to remove pro- 
teins since it will adsorb on kaolin. 

A number of soy bean preparations hav- 
ing antitryptic properties have been used in 
various investigations. Emploj'ing an ace- 
tone precipitate of an aqueous extract, Ham, 
Sandstedt, and Mussehl pointed out that the 
proteolytic-inhibiting material has a retard- 
ing effect on the growth of chicks.® Klose, 
Hill and Fevold observed similar growth ef- 


1 Bowman. D. K., Pnoc- Soc. Exp. Biol, axd 

!Med., 1944, 57 , 139. 

2 Bowman, D. E.. FcfJ. Proc., 1345, 4. 84. 
ilKunitz, M., Scicnrr, 1045, lOt, CG8. 

4Kunitz, M., J. Gen. Fhysioh, 1940, 20, 149^ 
.-.Ham, W. E., and Sandstedt, K. M., J. Ptol. 

CUem., 1944, 154, 505. 

r.Ham. IV. E., Sandstedt, B. M.,_and HnsseW, 
F. E., .7. f/iDM., 1945, 161, C3.i. 


fects and indicated that the substance which 
they employed is nondial.vzable, can be pre- 
cipitated by salts, is inactivated by heat, and 
appears to be a protein which is concentrated 
in the acid-soluble (pH 4.2) fraction of soy 
bean protein.' Tagnon and Soulier, employ- 
ing the inhibitor obtained by acetone precipi- 
tation of aqueous extracts as well as the 
crj'Stalline material of Kunitz, observed 
marked anticoagulant activity on human 
whole blood and plasma.® Employing the 
acetone-insoluble and alcohol-insoluble frac- 
tions, the author has been unable to show 
a consistent influence on trj'psin shock.- 
Thompson has indicated that the alcohol- 
insoluble factor of navj^ beans does not modi- 
fy' anaphylactic shock produced by egg al- 
bumin.9 

Unless definite precautions are taken, crude 
soy bean antitryptic preparations may con- 
sist of varying proportions of at least 2 fac- 
tors. This occurs especially when acetone 
is used to precipitate the active material 
from an aqueous extract. The object of the 
present report is to call attention to the dif- 
ference between the soy bean antitryptic sub- 
stance which can be extracted with water 
and precipitated with alcohol, called the al- 
cohol-insoluble factor, and the active material 
which can be extracted with 60% alcohol 
and precipitated with acetone, called the 
acetone-insoluble factor. Both are soluble 
in water. 

Methods. Relative inhibition of tryptic 
activity- was estimated by- adding the experi- 
mental material to triplicate casein digestion 
preparations, and the degree of digestion was 
compared wdtli that of the same number of 
control uninhibited preparations of equal vol- 
ume, run simultaneously. With final concen- 
trations of 0.01% of crude try^psin and 3.1% 
casein, approximately half of the casein was 
digested at 38 °C in one hour in the absence 
of inhibiting agents. The actual degree of 
digestion was determined by the increase in 


r Klose, A. A., Hill, B., .and Fevold, H. L., Proc. 
Soc. Exi'. Biol. .\xd JIf.d., 1946, 62, 10. 

s TaRiion, H. .1., .ond Soulier, .1. P., Proc. Soc. 
Exp. Biol, and Med., 1946, Cl. 440. 

!> Tliompson, R. L., iiersnnal communicati'ui. 
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protection against the intoxication ensuing 
once the bacteria have liberated their antigens 
into the bloodstream. Indeed the toxicity 
of Shigella^ and SalmoucUa-' vaccines em- 
ployed for prophylactic immunization has 
been a complicating factor; and the exces- 
sive toxicit}’ of Shigella v'accines has consti- 
tuted a hazardous accompaniment to their 
successful use, even when neurotoxin-free vac- 
cines are employed. It follows that the 
problem of therapeutics directed specifically 
at preformed endotoxin is of considerable 
clinical significance. 

The only pharmacological (as distinguished 
from immunological) agents known to lessen 


e.xperimentally the toxic effects of these 
antigens were sulfonamide drugs, whose ef- 
fectiveness, however, in this respect was low, 
protecting mice against only a few lethal 
doses of the endoto.xin. 

Accordingh^ over several j'ears we have 
undertaken a search for pharmacological 
agents which might be more effective than 
sulfanilamide in counteracting the effects of 
the endotoxin. We have tested the com- 
pounds and combinations of compounds listed 
below* for protective effects against the 
endotoxin in mice. The rationale governing 
their selection for trial need not be given 
here. It may be noted, however, that nearl3' 


I Goebel, W. F., Perlm.in, E., .iiul Binkley. F., 
Scieiire, 1944, O!), 412. 

j Wilson, G. S., anit iMilcs, A. A., Topky o»d 
TTi/.ioii’s Principles of Sactcriolopi/ and ImmunUy, 
Willbnis & Wilkins, Baltimore, 3rd Ed., 1940, p. 
1553. 


* (1) 2Ci-!icctyIsulfaiiiIaniide; (2) Ni-.acetyl- 
suif.anilaniide ; (3) p-aniiiioazobciizenc; (4) o-amin- 
obenzeiie sulfonic acid; (5) /i-aminobenzoic acid; 
(6) nntliraiiilic acid; (7^ arginine; (S) arginine, 
cysteine, nietliionine; (9) ascorbic acid; (10) 
ascorbic acid, cortical adrenal e.xtraet; (11) 
ascorbic acid, guanine, tliianiinc, metbioninc; (12) 
ascorbic acid, cysteine, glycine, nietliionine, 
p-aminobenzoic acid, calcium gluconate, sodium 
acetate; (13) ascorbic acid, glutathione, (14) 
p-aminoplienol; (15) atropine; (10) atropine, 
ergoto.tin; (17) benzedrine; (18) benzcncsnl- 
fonylamide; (19) bulbocaimine; (20) butanediol; 
(21) calcium gluconate; (22) carrot diet; (23) 
camphor; (24) catechol; (25) catechol (acet- 
ylatcd) : (2G) casein hydrolysate; (27) casein 
hydrolysate, ascorbic acid, adrenal cortical ex- 
tract, sodium chloride; (28) choline; (29) cora- 
anne; (30) coramine, sulfanilamide, calcium glu- 
conate; (31) coramine, atropine; (32) coramine, 
niotrazol; (33) coucanavalin ; (34) cortical 

adrenal extract; (35) cortical adrenal extract, 
amino acid mixture; (30) cysteine; (37) cysteine, 
’neihioiiine; (38) cysteine, methionine, sodium 
acetate; (39) cysteine, glycine, yeast, nucleic 
acid, arginine, sodium acetate; (40) 4,4-diamino- 
diphcnyl sulfone; (41) diamiuophenol ; (42) 

aiacctyl; (43) diphcnylsulfone; (44) ergofoxin; 
(13) glycolic acid; (46) glycine; (47) gluta- 
thione; (48) glutathione, monoethalolamine salt 
of ascorbic acid; (49) heparin; (50) hesperidine; 
(31) hesperidine, ascorbic acid; (52) histamine; 
(o3) histamine, tryptophane, ascorbic acid, me- 


thionine; (54) histamine, tryptophane, methionine; 
(55) histidine; (50) liydroquinone; (57) p-hy- 
droxybenzoie acid, liydroquinone triacetate, hydro- 
quinone; (58) insulin; (59) insulin, dextrose; 
(6(1) liver (Difeo); (01) liver (Lederle, OE, GO, 
9t’) ; (02) liver, sulfadiazine; (03) metliiouinc; 
(04) inetaiiilamide; (05) metrazol; (00) nicotinic 
acid; (<i") o-nitrophenol; (08) 2>-nitrosophenol ; 
(09) p-nitrobcnzoic acid; ("0) yeast nucleic acid; 
(71) nupercaine; (72) orcinol; (73) o-pheueti- 
diiio; (74) p-phenetidine; (75) o-phenylcnedi- 
auiinc: (70) jiierotoxin ; (77) quiuoiie; (78) 

lesorcinol; (79) sodium acetate; (80) sodium 
chloride: (81) sodium formaldehyde sulf o.xylate ; 
(82) sulfanilic acid: (83) thiamine; (84) thio- 
uracil; (85; tryptophane; (80) t.vrosiue; (87) 
yeast, liver diet; (88) yeast extract (Difeo). 

The tests in most instances consisted of inject- 
ing groups of 0 mice each with intrapcritoneal 
doses of 2-LDjo of the endotoxin. Previously to 
or simult.aneonsly rvith the injection of the endo- 
toxin, the mice received by repeated intrapcritoneal 
injections or by stomach tube, the test chemicals in 
sub-toxic doses. .Survival of the mice at the end 
of 24 hours after injection of the endoto.xin served 
as the index of reduction in toxicity brought about 
by the test chemicals. 

The mice used in tiiesc tests and in those experi- 
ments presented below were all young males of a 
Swiss line in the weight range of 18-21 g, obtained 
from the Rockland Parins. The animals were 
maintained during the experiment.il period, unless 
otherwise specified on a commercial mouse diet 
and tap water ad Jibiinm. 

The methods used in preparing the endotoxin 
material from Salmonella lyphiinurium employed 
in the above tests have been previously described.^ 

<! Zalii. Paul .V.. Hutner, S. H., and Cooper, F. S., 
I*ROC. Goc. Exp. Biol, .v.vd Med.. 194.3, 54, 187. 
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ble factor and the crystalline material give 
a definite precipitate and^ in each case, the 
tripsin-inhibiting capacity of the precipitate 
indicates essentially complete recovery. 

Although crystalline soy bean antitrypsin 
is precipitated when heated in 2.5% trichlor- 
acetic acid as pointed out bj' Kunitz,® the 
acetone-insoluble factor can be almost 
quantitatively recovered from the filtrate of 
such a solution. This is indicated by the 
final antitrjptic capacity retained after so 
treating a weighed amount of the material. 
.'\fter heating this inhibitor, in 2% concen- 
tration, in 2.5% trichloracetic acid at 98°C 
for 5 minutes onli’- a very slight precipitate 
forms. .After centrifuging and discarding 
this precipitate and neutralizing the super- 
natant solution, the active material can be 
almost complete!}' recovered by precipitating 
with 90% acetone. 

Upon treating the alcohol-insoluble factor 
or the crystalline material in a similar man- 
ner, an appreciable precipitate is seen in 
the trichloracetic acid solution and the amount 


of antitryptic substance obtained from the 
neutralized filtrate by precipitating with 905» 
alcohol is insignificant. 

A typical preparation of the acetone-insolu- 
ble fraction was found to contain appro.d- 
mately 1% nitrogen and gave only faintly 
positive biuret and Millon tests. Further 
observations dealing with the nature of the 
active material are in progress. Its solubility 
characteristics and a phosphorus content of 
about 5% in the present preparations sug- 
gests that some attention be given to phos- 
phorus-containing substances. 

Summary. In a number of respects, the 
trypsin-inhibiting factor of soy beans which 
may be e.vtracted with 60% alcohol and 
precipitated with acetone differs from the 
antitrypsin which can be e.vtracted with 
water and precipitated ivith 60% alcohol. 
These substances may be differentiated on 
the basis of their solubilities in a solution 
40% saturated with ammonium sulfate, in 
2.5% trichloracetic acid as well as in al- 
cohol. 
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Pharmacological Protection Against Salmonella Endotoxin and Certain 

Other Poisons. 

Paul A. Zahl, M. L. Brasher, and S. H. Hutner. 

From ilw Haskinx Lahoralorics, Xcw TorJ; City. 


In previous work sulfonamides were found 
effective to a limited degree in counteracting 
the systemic toxicity of certain typical endo- 
toxins of Gram-negative bacteria.^ Analysis 
of this action of sulfonamides has led to the 
conclusion, reported ’ here, that the efficacy 
of sulfonamides in this respect depends on 
their goitrogenic activity, and posed again 
the problem of devising an efficient therapy 
directed against this class of poisons. 

The endotoxin-containing somatic (0) 
antigens of Gram-negative bacteria are fre- 
quently the principal source of damage in 

'TTlutnor, S. Paul A., Science, 1942, 

DO 563; Zalil, Paul A., aiul Hutner, S. H., Proc. 
Soa EXP. Biol, axd Hed.. 1942, 51, 2Sa. 


infections by these organisms.- In contrast 
to the classical bacterial e.xotoxins, antibodies 
for these somatic antigens have little antitoxic 
potency.® The action of these endotoxins 
is usually aborted by checking the multiplica- 
tion of the bacteria either by means of prei'i- 
ous immunization with appropriate vaccines 
or, ivhen the infection has gained a foothold, 
by administration of antibiotics such as strep- 
tomycin. .Although these measures are often 
dramatically effective when directed against 
the primary infection, they afford little or no 

- Zalil Paul A., Starr, M. P., and Hutner, S. H., 
Am. J. Ilyg., 1945, 41, 41, 

a Zahl, Paul -A., and Hutner, S. II., Am. ,T. IJyy., 
1944, 39, ISO. 



Pharmacological Protection Against Certain Poisons 


551 


protection against the intoxication ensuing 
once the bacteria have liberated their antigens 
into the bloodstream. Indeed the toxicity 
of Shigella^ and Sahnoiiclla'' vaccines em- 
ployed for prophylactic immunization has 
been a complicating factor; and the exces- 
sive toxicity of Shigella vaccines has consti- 
tuted a hazardous accompaniment to their 
successful use, even when neurotoxin-free vac- 
cines are employed. It follows that the 
problem of therapeutics directed specifically 
at preformed endotoxin is of considerable 
clinical significance. 

The only pharmacological (as distinguished 
from immunological) agents known to lessen 

•* Gocljcl, W. F., Perlman, E., and Binkley, P., 
Scieiiec, 19i4, 99, 412. 

3 Wilson, G. S., and Miles, A. A., Toplcy nud 
TTilsnii’s Principles of ISacicrioiopy and Jmmnnity, 
Williams & Wilkins, Baltimore, 3rd Ed., 194G, p. 
1353, 

* (1) Ni-acctylsulfanilamidc; (2) Ni-acetyl- 
sulfanilamide ; (3) p-aminoazobenzene; (4) o-amin- 
obenzene sulfonic acid; (5) p-aminobonzoic acid; 
(C) antbranilic acid; (T) arginine; (S) arginine, 
cysteine, methionine; (9) ascorbic acid; (10) 
ascorbic acid, cortical adrenal extract; (11) 
ascorbic acid, gnanine, tliiamine, methionine; (12) 
ascorbic acid, cysteine, glycine, methionine, 
parainobcnzoic acid, calcium gluconate, sodium 
acetate; (13) ascorbic acid, glutathione, (14) 
p-aminophenol; (15) atropine; (10) atropine, 
ergotoxiu; (17) benzedrine; (IS) bcuzcncsul- 
fonylamide; (19) bulbocapnine ; (20) butanediol; 
(21) calcium gluconate; (22) carrot diet; (23; 
camphor; (24) catechol; (25) catechol (acet- 
ylatcd) ; (26) casein hydrolysate; (27) casein 
hydrolysate, ascorbic acid, adrenal cortical ex- 
tract. sodium chloride; (28) choline; (29) cora- 
mine; (30) coramine, sulfanilamide, calcium glu- 
conate; ( 31 ) coramine, atropine; (32) coramine, 
mctrazol; (33) concanavalin ; (34) cortical 

adrenal extract; (35) cortical adrenal extract, 
amino acid mixture; (36) cysteine; (37) cysteine, 
methionine; (38) cysteine, metliioiiine, .sodium 
acetate; ( 39 ) cy.steine, glycine, yeast, nucleic 
acid, arginine, sodium acetate; (40) 4,4-diamino- 
diphenyl sulfone; (41) diaminnphenol; (42) 
diaectyl; (43) diphenyl.sulforie; (44) ergotoxin; 
(•id) glycolic acid; (40) glycine; (47; gluta- 
thione; (48) glutathione, inonoethalol.-imine salt 
of ascorbic acid ; (49) lieparin; (,'i0) besjicridine; 
(ol) Iiespcridine, ascorbic acid; (52; lii.slamine; 
(o3) histamine, tryptophane, a'-corbic acid, nie- 


experimentally the toxic effects of these 
antigens were sulfonamide drugs, whose ef- 
fectiveness, however, in this respect was low, 
protecting mice against only a few lethal 
doses of the endotoxin. 

Accordingly, over several years we have 
undertaken a search for pharmacological 
agents which might be more effective than 
sulfanilamide in counteracting the effects of 
the endotoxin. We have tested the com- 
pounds and combinations of compounds listed 
below* for protective effects against the 
endotoxin in mice. The rationale governing 
their selection for trial need not be given 
here. It may be noted, however, that nearly 

thioninc; (54) hist.imiuc, tryptophane, methionine ; 
(55) histidine; (56) hydroquiiione ; (57) p-hy- 
droxylicnzoio acid, hydroquinone triacetate, hydro- 
quinonc: (58) insulin; (59) insulin, dextrose; 
( 611 ) liver (Difeo); (61) liver (Lederle, 6E, 6C, 
9C) ; (62; liver, sulfadiazine; (63) methionine; 
(64) mctanilamidc; (65) mctrazol; (66) nicotinic 
acid; (67) o-nitroplienol; (08) /Miitrosopheiiol; 
(69) p-nitrobenzoie :icid; (70) yeast nucleic acid; 
(71) nupercaine; (72) orcinol; (73) o-pbeneti- 
dinc; (74) ;)-piicnct)dine; (75) o-pbenylenedi- 
amine: (76) picrotoxin; (77) quinone; (78) 
lesorcinol ; (79) sodium acetate; (80) sodium 
chloride: (81) sodium formaldehyde .sulfo.xylate ; 
(82) sulfanilic :ic)d : (83) thiamine; (84) thio- 
uracil; (85) tryptophane; (86) tyrosine; (87) 
yeast, liver diet; (88) yeast extract (Difeo). 

The tests in most instances consisted of inject- 
ing groufis of 6 mice each with intraperitoneal 
doses of 2-LD-o of the endotoxin. Previously to 
or simultaneously with the injection of the endo- 
toxin, the mice received hy repeated intraperitoneal 
injections or by stomach tube, the te.st chemicals in 
sub-toxic doses. Survival of the mice at the end 
of 24 hours after injection of the endotoxin served 
as the index of reduction in toxicity brought about 
by the test chemicals. 

The mice n.sed in these te.sts and in those e.vperi- 
ments presented helow were all young inalcs of a 
Swiss line in the weight range of 18-21 g, obtained 
from the Rockland Farms. The iiniraals were 
niaintaini d during the experimental period, unless 
otherwise specified on a commercial mouse diet 
and tap water ad lihilnin. 

The methods used in )ire]iaring the endotoxin 
material from Sidmoiiidln lyphimurium employed 
in the above ti-sts Iiavc been previously di-scribed.'t 

OyCaiil. Paul Ilutncr, S. II., and Cooper, F. .S., 
('KOI'. .‘SOI. IJioi,. .v.vn Mku., 1943, .54, 187. 
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TABLE I. 


Dost' of 
eiuloto-xiii 
(inti-apoi-.) 
mg 

Dose of 
ttiioiiracil 
(inti'iiper.) 

mg 

So. of 
a)iimaJ.s 

% .survival 

— 

3.0 exO) 

10 

100 

n.uU 

3.0 ’ > 

27 

.00 

0..')0 

C* 

31 

78 

0.7.1 

.3.0 ’ ’ 

20 

05 

0.7.5 

C 

20 

35 

2.00 

3.0 ” 

24 

GO 

2.00 

C 

25 

12 


’’ C = Control. 


all these tests were conducted before the 
recognition of sulfonamides as goitrogenic 
agents. It suffices to say that the onl 3 ' non- 
sulfonamides counteracting to any observable 
degree the to.x-iciti'' of the endotoxin were 
thiouraciP and /'-aminobenzoic acid. The 
further experimental basis for these findings 
and certain collateral e.xperiments are de- 
scribed here. 


Procedure and Results. Protection by 
Tlitouracil Against Endotoxin-induced Death. 
In a series of experiments involving a con- 
siderable number of mice, the animals were 
pretreated with thiouracil, administered in- 
traperitoneally, for a period of 72 hours, by 
means of a 3-mg dose given about every 12 
hours. The total dosage over 72 hours was 
thus 18 mg. Following the last thiouracil 
dose, lethal amounts of the endoto.xin ma- 
terial” of Saimoneiia typhimurium were in- 
jected. Survival of the mice at the end of 
24 hours was taken as a measure of the ef- 
fectiveness of the thiouracil in lessening the 
toxicity of the endotoxin. Because of the 
general consistency of the results, the e.xperi- 
ments are summated in Table I, rather than 
presented individually. 

It is evident from the data listed in Table I 
that thiouracil affords a degree of protection 
against the toxic effects of the endotoxin. 
In other exploratory experiments in which 
only a few hours elapsed between the time of 
the first dose of thiouracil and the injection 


0. RoWin Jr of 
the American Cya.miniJc Company, Stamford, 


Conn. 


of the endotoxin, very little protective effect 
could be observed, due presumably to the 
slowness of interference with thyroid func- 
tion b.v thiouracil. Also, when the pretreat- 
ment with thiouracil was extended to 7 days 
before the injection of the endotoxin, little 
if any protective effect was observed, due 
possibly to the general debilitating effects 
of sustained thiouracil treatment, as shoivn 
by the fact that mice so treated and with 
such relatively high dosages failed to gain 
weight at the normal rate. 

Protection by Thiouracil Against Endo- 
toxiu-induced Tumor Hemorrhage. The tox- 
icitjr of the endotoxins of Gram-negative bac- 
teria is generally considered to result pri- 
marily from injury to the vascular endo- 
thelium. This action is readily studied ex- 
perimentally^ by the induction of hemorrhage 
in transplanted tumors, as well as by the 
over-all lethality. W^e liad previously found 
that the induction of tumor hemorrhage pro- 
vides a sensitive, almost quantitative method 
for assaying small fractions of a lethal dose 
of endotoxin.- This belief that tlie hemor- 
rhage-inducing property’^ and the death-induc- 
ing property of the endotoxin are in fact 
low- and high-dosage manifestations of the 
same action, could undergo additional test by 
determining, using methods described else- 
where,- whether thiouracil could protect mice 
against endoto.xin-induced tumor hemorrhage. 
Table II gives data indicating a positive 
tumor hemorrhage protective effect on the 
part of thiouracil. 

Protective Ejects oj Thiouracil Against 
Other Poisons. .-V series of experiments was 
performed to determine whether thiouracil 
had any'^ protective effects against liver poisons 
of the class typified by' 1 , 2 -dichIoroethane. 
The effects of poisons of this class are physi- 
ologically quite different from those typified 
by the endotoxin. It seemed of interest, 
therefore, to ascertain whether a goitrogen 
such as thiouracil is effective against dichlor- 
oethane. The results of these e.xperiments 
are summarized in Table III. It is con- 
cluded that thiouracil has some protective 
action against the to.xicity of dichloroethane. 

.A similar tyTie of e.xperiment was performed 
with colchicine. This poison is presumed to 
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lJ<j-<' of Do<-e of 

• loloioxin tliiouniL-il 

fiiitr.-iipi r.) (intr:i])er.) No. of 

iiifr iiiK aninioi? Detrrec of tumor liemorrliage'" 


‘i.iii s.n (yjt) IS (I (t (I 0 II II II II II II 0 0 II fi 0 o n 

fi.m (control) 14 4- + -r -f + + +-r-j- +4--f + + 4--f '+ + -r-r — +-f-r 



“ E'icli ilcsigniition liflow iiulicate.s tlic ilogrce of tumor Iicinorrli.'ige induced in each mouse. 0 = no 
Iic-iii.; -E — slight hem.; +-r = considerahle hem.; + + + — marked hem.; +-E“r+ = maxima] hem. 


TABLE III. 


Dose of 

dichloroethane Bose of 


(in torn oil, 
l)y stniiinth tube) 
mp 

cnlcliicine 

(intr;i]u'r.) 

nig 

Dfiso of 
tliiounitil 
(intniper. ) 

Xo. of mice 

C'f surviv; 

10 



.^.0 mg ( XO) 

SI 

53 

10 

— 

(control) 

i3G 

IS 



0.50 

S.ftmg (X0> 

41 

44 

— 

0.50 

(control ) 

42 

50 


act primarily on the vascular endothelium, 
as does the endotoxin, and also produces a 
set of symptoms overtly similar to those pro- 
duced b\' the endotoxin.' Therefore, testing 
colchicine against a goitrogen such as thi- 
ouracil seemed in order. The results are 
tabulated in Table III, and it is concluded 
that thiouracil has no protective effect against 
the toxicity of colchicine. 

Eijcct oj Tcvipcratiirc on the Toxicity oj 
the Endotoxin. From other studies it has 
been concluded that the effects of thiouracil 
(on anoxia, etc.) are attributable to a gen- 
eral lowering of metabolic rate via interfer- 
ence with thyroid gland activity.® If such 


TABLE IT. 


Air tciiiipeniture 
of incubator, 

“C 

Dose of 
endotoxin 
(intraper.) 

No. of 
mice 

survival 

14 

0.75 ing 

10 

74 

14 

(control) 

13 

100 

oo 

0.75 mg 

20 

35 

oo 

(control) 

20 

100 

30 

0,75 mg 

20 

10 

30 

(control) 

14 

100 

. 

I Liidfoid, E. .T. 

,, J. Xat. Caiirrr lii.'it.. 

1045, fl, SO. 

* Gordon, A. S., 

Goldsmith, I 

1. B., and Cliariiiper, 

S. A., l^ndocrinologUj 1045, 37 

, 223. 



an action accounts for the thiouracil effect 
on the toxicity of the endotoxin and dichlor- 
oethane. then a similar effect on these poisons 
should be observed by altering general body 
metabolism in other ways. .Accordingly, an 
e.vperiment was set up in which groups of 
mice were kept at various temperatures for 
the 24-hour period following injection of the 
endotoxin. The results of this experiment 
are summarized in Table IV. Clearly, mice 
maintained at high environmental tempera- 
tures are more susceptible to the toxicity of 
the endotoxin than those kept at lower tem- 
peratures. 

Effect oj p-.Aminobcnzoic Acid on the Tox- 
icity of the Endotoxin and oj Colchicine. It 
has been reported that large doses of /i-amino- 
benzoic acid have an action on the thyroid 
gland similar to that of thiouracil.® E.xperi- 
ments were performed to determine if this 
action would parallel that of thiouracil, when 
tested against the toxicity of the endotoxin 
and that of colchicine. The />-aminobenzoic 
acid was administered bj' stomach tube in 
3 doses of 33 mg each; the first, one hour 
before injection of the toxic material, the 
other 2, at one-hour intervals after the in- 
jection. The results of these e.xperiments are 
summarized in Table V, It is evident that 
/i-aminobenzoic acid offers some protection 
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TABLE I. 


Dose of 
eiuloto.xin 
(iiitrapor.) 
mg 

Dose of 
thiouracil 
(intraper.) 
mg 

Xu. of 
aiiimahs 

'}( survival 

— 

3.0 (XG) 

10 

100 

0..5() 

.3.0 " 

27 

90 

0.50 

c- 

31 

78 

0.7,5 

.3,0 ’ " 

20 

95 

0.75 

C 

20 

35 

, 2.00 

3,0 ” 

24 

GO 

2.00 

C 

25 

12 

C Control. 


all these tests were conducted before the 
recognition of sulfonamides as goitrogenic 
agents. It suffices to say that the only non- 
suifonamides counteracting to any observable 
degree the to.xicity of the endotoxin were 
thiouraciP and />-aminobenzoic acid. The 
further e.xperimental basis for these findings 
and certain collateral e.xperiments are de- 
scribed here. 


Procedure and Results. Protection by 
Th’tou rac'd Against Endotoxin-induced Death. 
In a series of experiments involving a con- 
siderable number of mice, the animals were 
pretreated with thiouracil, administered in- 
traperitoneall}', for a period of 72 hours, bj' 
means of a 3-mg dose given about everj^ 12 
hours. The total dosage over 72 hours was 
thus IS mg. Following the last thiouracil 
dose, lethal amounts of the endotoxin ma- 
terial® of SalnioneUa typhimuriuni were in- 
jected. Survival of the mice at the end of 
24 hours was taken as a measure of the ef- 
fectiveness of the thiouracil in lessening the 
toxicity of the endotoxin. Because of the 
aeneral consistency of the results, the e.xperi- 
ments are summated in Table I, rather than 
presented individually. 

It is evident from the data listed in Table I 
that thiouracil affords a degree of protection 
against the toxic effects of the endotoxin 
In other exploratory experiments m which 
only a few hours elapsed between the time of 
the first dose of thiouracil and the injection 


f Kiiiclty supplied bv Dr. 
the Auierican Cyaiiaiiiiflc 
Comi. 


E. O. KoWiii, Jr., of 
Company, Stamford, 


of the endotoxin, very little protective effect 
could' be observed, due presumably to the 
slowness of interference with thyroid func- 
tion by thiouracil. .'IIso, when the pretreat- 
ment with thiouracil was extended to 7 days 
before the injection of the endotoxin, little 
if any protective effect was observed, due 
possibly to the general debilitating effects 
of sustained thiouracil treatment, as shown 
by the fact that mice so treated and with 
such relatively'- high dosages failed to gain 
weight at the normal rate. 

Protection by Thiouracil Against Endo- 
toxin-induced Tumor Hemorrhage. The tox- 
icity' of the endoto.xins of Gram-negative bac- 
teria is generally considered to result pri- 
marily from injury to the vascular endo- 
thelium. This action is readily' studied e.x- 
perimentally by' the induction of hemorrhage 
in transplanted tumors, as well as by the 
over-all lethality'. We liad previously found 
that the induction of tumor hemorrhage pro- 
vides a sensitive, almost quantitative method 
for assaying small fractions of a lethal dose 
of endotoxin.- This belief that the hemor- 
rhage-inducing property and the death-induc- 
ing property of the endotoxin are in fact 
low- and high-dosage manifestations of the 
same action, could undergo additional test by 
determining, using methods described else- 
evhere,- whether thiouracil could protect mice 
against endoto.xin-induced tumor hemorrhage. 
Table II gives data indicating a positive 
tumor hemorrhage protective effect on the 
part of thiouracil. 

Protective Effects of Thiouracil Against 
Other Poisons. .A series of experiments was 
performed to determine whether thiouracil 
had any' protective effects against liver poisons 
of the class typified by' 1,2-dichloroethane. 
The effects of poisons of this class are physi- 
ologically' quite different from those typified 
by' the endoto.xin. It seemed of interest, 
therefore, to ascertain whether a goitrogen 
such as thiouracil is effective against dichlor- 
oethane. The results of these experiments 
are summarized in Table III. It is con- 
cluded that thiouracil has some protective 
action against the toxicity' of dichloroethane. 

,A similar type of experiment was performed 
with colchicine. This poison is presumed to 
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Dose of Dose of 

enilotoxi!! tliioiimcil 

(iii:r;i]HT.) (iiitnipor.) Xo. of 

niK ing .•miinois Dojjroc of tiiiiior lioiiinrrliago* 


0.1 II ;f.n (x^i) DS (I 0 0 (I II (I n n u o o n n o o o n 4 - 4 - 

Ci.lli (control). 14 4- + + + + + + + + + + + + + + + + + + -r -!- + + -f 

+ + + + + + + + + + + + + + + 4 - + + + + 0 0 


■ Eacli (Ic.signntion below imlicntes tlie degree of tmiior lieinorrliage induced in each mouse. 0 = no 
liem.; 4- = slight hem.: 4-+ = considerable hem.; 4- + + marked hem.; + + + + = ma.ximal hem. 


TABLE nr. 


Dose of 
(lichloroetliimo 
(iu corn oil, 
by .stoni.ncli tube) 
ing 

Dose of 
coicbicine 
(intr.'iper.) 

iiig 

Do.se of 
tbioiir.-icil 
(■intr.-ijicr. I 

Xo. of mice 

(( .«urv 

Ifi 

— 

.1.0 nig (XO) 

SI 


JO 

— 

(control) 

00 

IS 

— 

O.olP 

.1.0 mg ( XO) 

41 

44 

— 

O.oO 

(control) 

42 

50 


act primarily on the vascular endothelium, 
as does the endotoxin, and also produces a 
set of symptoms overtly similar to those pro- 
duced by the endotoxin.’ Therefore, testing 
colchicine against a goitrogen such as thi- 
ouracil seemed in order. The results are 
tabulated in Table III, and it is concluded 
that thiouracil has no protective effect against 
the toxicity of colchicine. 

E§cct of Temperature on the Toxicity of 
the Endotoxin. From other studies it has 
been concluded that the effects of thiouracil 
(on anoxia, etc.) are attributable to a gen- 
eral lowering of metabolic rate via interfer- 
ence with thjToid gland activity.® If such 


TABLE IV. 


Air tenuieratiire 
of incubator, 

"C 

Do.se of 
endotoxin 
(iutraper.) 

Xo, of 
niii'u 

9(: surviviil 

14 

0.7.1 nip 

19 

74 

14 

(control) 

13 

100 

.>o 

0.75 inp 

20 

35 


(control) 

20 

100 

.10 

0.75 mg 

20 

10 

30 

(control) 

14 

100 


’ lAidford, R. J., .7. A’of. Canrer 1945, 0, 89. 
s Gordon. A. S., Gold.smith, E. D., and Charipper, 
tl. A., l:ncJncriitnlogij, 1945, 37, 22.3. 


an action accounts for the thiouracil effect 
on the toxicity of the endotoxin and dichlor- 
oethane, then a similar effect on these poisons 
should be observed by altering general body 
metabolism in other ways. .-Accordingly, an 
e.vperiment was set up in which groups of 
mice were kept at various temperatures for 
the 24-hour period following injection of the 
endotoxin. The results of this experiment 
are summarized in Table IV. Clearly, mice 
maintained at high environmental tempera- 
tures are more susceptible to the toxicity of 
the endotoxin than those kept at lower tem- 
peratures. 

Effect of p-.lminobcnzoic Acid on the Tox- 
icity of the Endotoxin and of Colchicine. It 
has been reported that large doses of p-ammo- 
benzoic acid have an action on the thyroid 
gland similar to that of thiouracil.® E.xperi- 
ments were performed to determine if this 
action would parallel that of thiouracil, when 
tested against the toxicity of the endotoxin 
and that of colchicine. The p-aminobenzoic 
acid was administered by stomach tube in 
3 doses of 33 mg each; the first, one hour 
before injection of the to.xic material, the 
other 2, at one-hour inten'als after the in- 
jection. The results of these experiments are 
summarized in Table V. It is evident that 
/>-aminobenzoic acid offers some protection 
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Dose of 
eiuloto.xiii 
(bit vapor.) 
mg 

Dose of 
t)iimir;icil 
(iiitr.'ipov.) 
mg 

No. of 
miimnls 

*/r survival 

— 

3.0 (XG) 

10 

100 

n.ao 

a.o ’ > 

27 

■OC 


C" 

31 

7S 

O.T.T 

.3.0 •” 

20 

05 

o.rs 

C 

20 

OO 

2,no 

.3.0 ’ ’ 

24 

GO 


C 

2,-) 

12 


* C =: Coiltl-oi. 


all these tests were conducted before the 
recognitiGii of sulfonamides as goitrogenic 
agents. It suffices to say that the only non- 
suifonamides counteracting to any observable 
degree the toxicity of the endotoxin were 
tliioiiracil 1 and />-aminobenzoic acid. The 
further experimental basis for these findings 
and certain collateral experiments are de- 
scribed here. 

Procedure and Results. Protection by 
Tliiouracil Against Endflio.vin-indiiccd Death. 
In a series of experiments involving a con- 
siderable number of mice, the animals were 
pretreated with tliiouracil, administered in- 
traperitoneally, for a period of 72 hours, by 
means of a 3-nig dose given about every 12 
hours. The total dosage over 72 hours was 
thus IS mg. Following the last tliiouracil 
dose, lethal amounts of the endoto.xin ma- 
terial'’ of Sahnonclla typhiniuriinn were in- 
jected. Survival of the mice at the end of 
24 hours was taken as a measure of the ef- 
fectiveness of the tliiouracil in lessening the 
toxicity of the endotoxin. Because of the 
genera! consistency of the results, the experi- 
ments are summated in Table I, rather than 
presented individually. 

It is evident from the data listed in Table I 
that tliiouracil affords a degree of protection 
against the toxic effects of tlie endotoxin. 
Ill other exploratory experiments in which 
only a few hours elapsed between the time of 
the' first dose of tliiouracil and the injection 

t Kindl.v suRplicd l)v Dr. R. O. Rolilin, .Tv., of 
tUo Aiiicricini (’vininniidc roitipiinv, Sf.-iiiiford, 
Conn. 


of the endotoxin, very little protective effect 
could be observed, due presuniabli- to the 
slowness of interference with tliyroid func- 
tion by tliiouracil. Also, when the pretreat- 
inent with tliiouracil was extended to 7 days 
before the injection of tlie endoto.xin, little 
if anyr protective effect was observed, due 
possibly to the general debilitating effects 
of sustained tliiouracil treatment, as slioira 
by the fact that mice so treated and with 
such relatively high dosages failed to gain 
weight at the normal rate. 

Protection by Thiouracil .Against Endo- 
toxin-induced 2'tnnor Hemorrhage. The tox- 
icity of the endotoxins of Gram-negative bac- 
teria is generally considered to result pri- 
marily from injur}' to the vascular endo- 
fheliimi. This action is readily studied e.x- 
perimentally by the induction of hemorrhage 
in transplanted tumors, as well as by the 
over-all lethality. We had previously found 
that the induction of tumor hemorrhage pro- 
vides a sensitive, almost quantitative method 
for assaying small fractions of a lethal dose 
of endotoxin.- This belief that tlie hemor- 
rhage-inducing property and the death-induc- 
ing property of the endotoxin are in fact 
low- and higii-dosage manifestations of the 
same action, could undergo additional test by 
determining, using methods described else- 
where,- whether thiouracil could protect mice 
against endotoxin-induced tumor hemorrhage. 
Table II gives data indicating a positive 
tumor hemorrhage protective effect on the 
part of thiouracil. 

Protective Effects of Thiouracil .Against 
Other Poisons. A series of e.xperiments was 
performed to determine whether thiouracil 
had au}' protectiv'e effects against liver poisons 
of the class typified by I.2-dichloroethane. 
The effects of poisons of this class are physi- 
ologically quite different from those typified 
by the endotoxin. It seemed of interest, 
therefore, to ascertain whether a goitrogen 
such as thiouracil is effective against dichlor- 
oethane. The results of these e.xperiments 
are summarized in Table III. It is con- 
cluded that thiouracil has some protective 
action against the toxicity of dichloroethane, 

A similar type of experiment was performed 
with colchicine. This poison is presumed to 
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TABLE II. 

Dn?e of Dose of 

endotoxin tiiiouracil 

(intrajier.) (intiaiicr.) Xo. of 

mg »ig animnis Dejjroe of tumor henioirliaoe'"' 

ti.lli 3.0 (XO) IS 0 0 n 0 O fi (I (I (I 0 0 0 0 0 O O 0 -LJ- 

0.10 (e.oiifrol) , 14 -r + -r -r + 4- -r-r-r + + -}- +-fn--r '+-r-f-r — -f-r-r 

-r-f-f4- -r-f-f-r -r-fV-r +V-f V 0 0 ' ' ' 

• Eai li (le.signntion Lelow indicates tlie degree of tumor liemorrliape induced in each mon.se. 0 = no 
liem.; slight hem.; — considerable hem.; -r + 'r — marked hem. ; +-r + -r = maximal hem. 



act primarily on the vascular endothelium, 
as does the endotoxin, and also produces a 
set of symptoms overtly similar to those pro- 
duced by the endotoxin." Therefore, testing 
colchicine against a goitrogen such as thi- 
ouracil seemed in order. The results are 
tabulated in Table III, and it is concluded 
that thiouracil has no protective effect against 
the toxicity of colchicine. 

E^ect of Temperature on the Toxicity of 
the Endotoxin. From other studies it has 
been concluded that the effects of thiouracil 
(on ano.xia, etc.) are attributable to a gen- 
eral lowering of metabolic rate via interfer- 
ence with thyroid gland activity.® If such 

TABLE IV. 


Airtcniper.iturc 
of incubator, 

'C 

Dose of 
endotoxin 
(intraper.) 

Xo. of 
mice 

9c survival 

14 

0.75 mg 

19 

74 

14 

(control) 

13 

100 

Oo 

0.75 mg 

20 

35 

22 

(control) 

20 

100 

30 

0.75 mg 

20 

10 

30 

(control) 

14 

100 


‘ Ludford, R. J., J. A'o/. Cancer /ii.sf., 1945, 6, S9. 
® Gordon. A. S., Goldsmith, E. D., and Charipper, 
H. A., Eiidocriiiolopi/, 1945, 37, 223. 


an action accounts for the thiouracil effect 
on the toxicity of the endotoxin and dichlor- 
oethane. then a similar effect on these poisons 
should be observed by altering general body 
metabolism in other ways, .\ccordingly, an 
experiment was set up in which groups of 
mice were kept at various temperatures for 
the 24-hour period following injection of the 
endotoxin. The results of this experiment 
are summarized in Table R’. Clearly, mice 
maintained at high environmental tempera- 
tures are more susceptible to the toxicity of 
the endotoxin than those kept at lower tem- 
peratures. 

Edcct of p-.lminobcnzoic Acid on the Tox- 
icity of the Endotoxin and of Colchicine. It 
has been reported that large doses of />-amino- 
benzoic acid have an action on the thyroid 
gland similar to that of thiouracil.® E.xperi- 
ments were performed to determine if this 
action would parallel that of thiouracil, when 
tested against the toxicity of the endotoxin 
and that of colchicine. The />-aminobenzoic 
acid was administered by stomach tube in 
3 doses of 33 mg each; the first, one hour 
before injection of the toxic material, the 
other 2, at one-hour interx’als after the in- 
jection. The results of these experiments are 
summarized in Table V. It is evident that 
/>-aminobenzoic acid offers some protection 
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Bose of 
endotoxin 
(intraper.) 
mg 

Dose of 
tbionraci! 
(intrapor.) 
mg 

No. of 
animals 

% survi\';il 

— 

3.0 (XG) 

10 

100 

0.50 

3.0 ” 

■27 

96 

O.-iO 

C"' 

31 

78 

0.7.5 

3.0 ” 

20 

95 

0.7o 

C 

20 

35 

. 2.00 

3.0 ” 

24 

00 

■Z.WI 

C 

2o 

12 

C = Control. 


all these tests were conducted before the 
recognition of sulfonamides as goitrogenic 
agents. It suffices to sa\' that the only non- 
suifonamides counteracting to any observable 
degree the toxicity of the endotoxin were 
thiouraciP and /'-aminobenzoic acid. The 
further experimental basis for these findings 
and certain collateral experiments are de- 


scribed here. 


Procedure oud Results. Protection by 
TMouracll Asaimt Endotoxin-induced Death. 
In a series of experiments involving a con- 
siderable number of mice, the animals were 
pretreated with thiouracil, administered in- 
traperitoneally, for a period of 72 hours, by 
means of a 3-mg dose given about every 12 
hours. The total dosage over 72 hours was 
thus 18 mg. Following the last thiouracil 
dose, lethal amounts of the endotoxin ma- 
terial® of Salmonella iyphimurium were in- 
jected. Survival of the mice at the end of 
24 hours was taken as a measure of the ef- 
fectiveness of the thiouracil in lessening the 
toxicity of the endotoxin. Because of the 
general consistency of the results, the experi- 
ments are summated in Table I, rather than 

presented individually. ^ 1 1 t 

It is evident from the data listed in Table I 
that thiouracil affords a degree of protection 
acrainst the toxic effects of the endotoxin. 
In other exploratory experiments in which 
onlv a few hours elapsed between the time of 
the^ first dose of thiouracil and the injection 


t Kindly surnliod by Dr. E. 0. Roblin Jr of 
tbe American Cyauamide Comp.nny, Stamford, 
Conn. 


of the endotoxin, very little protective effect 
could' be observed, due presumably to the 
slowness of interference with thyroid func- 
tion by thiouracil. Also, when the pretreat- 
ment with thiouracil was extended to 7 days 
before the injection of the endotoxin, little 
if any protective effect was observed, due 
possibly' to the general debilitating effects 
of sustained thiouracil treatment, as shown 
by the fact that mice so treated and with 
such relatively high dosages failed to gain 
weight at the normal rate. 

Protection by Thiouracil Against Endo- 
toxin-induced Tumor Hemorrhage. The tox- 
icity' of the endotoxins of Gram-negative bac- 
teria is generally considered to result pri- 
marily from injury to the vascular endo- 
thelium. This action is readily studied ex- 
perimentally by' the induction of hemorrhage 
in transplanted tumors, as well as by the 
over-all lethality. We had previously found 
that the induction of tumor hemorrhage pro- 
vides a sensitive, almost quantitative method 
for assaydng small fractions of a lethal dose 
of endotoxin." This belief that the hemor- 
rhage-inducing property and the death-induc- 
ing property of the endotoxin are in fact 
low- and high-dosage manifestations of the 
same action, could undergo additional test by' 
determining, using methods described else- 
ivhere," whether thiouracil could protect mice 
against endotoxin-induced tumor hemorrhage. 
Table II gives data indicating a positive 
tumor hemorrhage protective effect on the 
part of thiouracil. 

Protective Egccts of Thiouracil Against 
Other Poisons. A series of experiments was 
performed to determine whether thiouracil 
had anv protective effects against liver poisons 
of the' class typified by 1 , 2 -dichloroethane. 
The effects of poisons of this class are 
ologically quite different from those typified 
by the endotoxin. It seemed of interest, 
therefore, to ascertain whether a goitrogen 
such as thiouracil is effective against dichlor- 
oethane. The results of these experiments 
are summarized in Table III. It is con 
eluded that thiouracil has some protective 
action against the toxicity of dichloroethane. 

A similar tyipe of experiment was performed 
with colchicine. This poison is presumed to 
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TABLE II. 

Dose of Dose of 

ciulotoxi’i tliiouvaoll 

(intnijn'r.) (intrapcr.) Xo. of 

mg "'g animals Dogroe of tunuii- liPUHnrliage“ 

O.lll 3.0 (XO"! IS 0 0 0 0 0 0 0 (1 (I (I 0 0 0 0 0 0 0 + 4 - 

0.10 (coutrnl). U + + + + + + + + + + + + + + + + + + + + A- + + + 

+ + + + + + + + + + + + + + + + + + + + 0 0 

“ Eaili (le.sigiiatioii Ooloiv iiuVieatos the degree of tumor heinorrlinge iiKliu-ed in eaeli mouse. 0 no 
liein.; + — sliglit liciu. ; ++ = considerable Iiein.; + + — marked hem.: + + + + =: maximal hem. 


TABLE nr. 

Dose of 





dielilorootliiiiio 

Dose of 




(in corn oil. 

cok-biciiu> 

Dose of 



by stonmeb tube) 

(iiitr.nper.) 

fbiour.ocil 



mg 

mg 

(intrapcr. ) 

Xo. of mice 

9 f survival 

ir> 

— 

3.0 mg (XO) 

81 

.53 

30 

— 

(control) 

GO 

IS 



0,50 

3.0 ing ( XO) 

41 

44 

— 

O.oO 

(control) 

42 

50 

primarily on the 

vascular 

endothelium, an action 

accounts for 

the thiouracil effect 


as does the endotoxin, and also produces a on the toxicity of the endotoxin and dichlor- 
set of symptoms overtly similar to those pro- oethane. then a similar effect on these poisons 

duced by the endotoxin." Therefore, testing should be observed by altering general body 

colchicine against a goitrogen such as thi- metabolism in other ways, .^ccordingh', an 
ouracil seemed in order. The results are experiment was set up in which groups of 

tabulated in Table III, and it is concluded mice were kept at various temperatures for 

that thiouracil has no protective effect against the 24-hour period following injection of tlie 

the toxicity of colchicine. endotoxin. The results of this experiment 

Efect of Temperature on the Toxicity of are summarized in Table I\’. Clearly, mice 

the Endotoxin. From other studies it has maintained at high environmental tempera- 

heen concluded that the effects of thiouracil tures are more susceptible to the toxicity of 

(on anoxia, etc.) are attributable to a gen- the endotoxin than those kept at lower tem- 

eral lowering of metabolic rate via interfer- peratures. 

ence with thyroid gland activity.® If such Edect of p-.Aminobeneok Acid on the Tox- 

icitv of the Endotoxin and of Colchicine. It 


TABLE TV, 


Air temperature 
of incubator, 

-c 

Dose of 
endotoxin 
(intr.apcr.) 

Xo, of 
mice 

a/c sni vival 

14 

0.75 mg 

19 

74 

14 

(control) 

13 

100 

‘>0 

0,75 mg 

20 

35 


(control) 

20 

100 

30 

0.75 mg 

20 

10 

30 

(control) 

14 

100 


■ Liidford, E. J,, J. Xof. Cancer Insl., 1045, O, 83. 
®Gorilon, A. S., Goldsmith, E. D., .ond Charipper, 
A., ICmlocrhwlofft/, 1945, 37, 233. 


has been reported that large doses of />-amino- 
benzoic acid have an action on the thyroid 
gland similar to that of thiouracil.® E.xperi- 
ments were performed to determine if this 
action would parallel that of thiouracil. when 
tested against the toxicity of the endotoxin 
and that of colchicine. The /i-aminobenzoic 
acid was administered by stomach tube in 
3 doses of 33 mg each; the first, one hour 
before injection of the toxic material, the 
other 2, at one-hour intervals after the in- 
jection. The results of these experiments are 
summarized in Table V. It is evident that 
/'-aminobenzoic acid offers some protection 


554 


Pharmacologicai. Protection Against Certain Poisons 


TABLE V. 


Dose of 
endotoxin 
(iiitraper.) 
mg 

Dose of 
colehiciue 
(iiitraper.) 
mg 

Dose of 

p-aminobenzoic 

aeid 

(stomach tube) 

No. of mice 

% surviv.al 

— 

— 

33 mg (X3) 

15 

100 

0.75 

— 

33 mg (X3) 

20 

65 

0.75 

— 

(control) 

20 

25 

— 

0.50 

33 mg (X3) 

1.3 

0 


0.50 

(control) 

15 

14 


against the effects of the endotoxin, but that, 
like thiouracil, it is ineffective against 
colchicine. 

Discussion. The sulfonamides are now 
recognized as possessing a goitrogenic action.® 
Likewise the most evident physiological ef- 
fects of thiouracil and of /)-aminobenzoic 
acid are ascribable to interference with thy- 
roid function.® 

It seems reasonable to suppose, then, in 
view of the additional data presented in this 
paper, that the general protective effects of 
these 3 classes of compounds may be as- 
cribed to a common mechanism, vis., inter- 
ference with thyroid function. This conclu- 
sion receives further support from some ex- 
ploratorj' experiments in which mice for sev- 
eral days before endotoxin injection were fed 
on a diet containing 1% of thyroid e.xtract. 
These animals appeared to be more suscepti- 
ble to the toxic action of the endotoxin than 
were the untreated controls. 

As to how thyroid interference and the 
presumed lowered metabolism renders the 
endoto.xin less toxic, ver}^ little may be said. 
If, as has been postulated for colchicine,^® 
the endotoxin is first oxidized to products 
which themselves are the effective poisons, 
then it is reasonable to suppose that the pro- 
duction of these secondary poisons would be 
retarded by a lowered metabolism, possibly 
allowing tlie normal e.xcretory and detoxica- 
tion sj-stems of the body to cope with the 
antigen in its nontoxic phase. 

The failure of colchicine to be affected by 
thiouracil treatment is provocative. There 
appears to be a general parallelism between 
the toxic effects of the endotoxin and the 

B., J. Pharmacol., 19-13, 78, 79. 

lOEulirmau, F. A., Physiol. Per., 1910, 23, 217. 


stereotyped response of the body to a con- 
siderable series of toxic agents. This body 
response has been termed “the general adapta- 
tion syndrome” by Selye,^^ and includes the 
diverse phenomena usually designated as 
“shock.” It seemed appropriate to us to 
determine whether the action of goitrogens 
was specific for the endotoxin, or whether 
their effect might in an over-all way be di- 
rected at the harmful phases of “the general 
adaptation symdrome.” Considerable inter- 
est was attached to colchicine in this con- 
nection, for colchicine poisoning induces a 
syndrome overtly resembling that of poison- 
ing by the endotoxin, even to a parallelism 
in tumor hemorrhage induction.' Selye has 
stated that colchicine is an especially good 
reagent for eliciting the “alarm reaction” — 
the first stage of “the general adaptation 
syndrome.” If one agrees that colchicine is 
indeed a typical elicitor of “the general 
adaptation syndrome,” then goitrogen therapy 
in the later damaging phases of this S}^- 
drome is not likelj'^ to prove very useful, in 
view of the above reported failure of 
goitrogens to protect against colchicine. Some 
doubt, on the other hand, may be cast on 
the legitimacy^ of regarding colchicine as a 
reliable reagent for producing “the general 
adaptation syndrome” of Selye, especially in 
view of the protection obtained by goitrogens 
against dichloroethane poisoning, which bears 
little immediate resemblance to either col- 
chicine or endotoxin poisoning. It may be 
remarked that protection against dichloro- 
ethane has also been reported for sulfanila- 
mide and ^-aminobenzoic acid, both of whose 
actions, like that of thiouracil, are goitro- 

11 Selye, H., /. Allcrffy, 1940, 17, 231; 

1946, 17, 2S9. 
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senic.-- Hence, it must be concluded that 
the influence of goitrogens on "the general 
adaptation ^Tidrome" is an open issue. 

Penicillin has lately been reported to af- 
ford protection against the toxic action of 
the gonococcal endotoxin.*' It 11111 be of 
interest to determine Tvhether this protection 
is based on goitrogenesis. 

Another question arising from the data 
presented in this paper concerns the role and 
ralue of fever in resistance tvithin the boQ\' 
to the toxemia of infections caused by Gram- 
negative bacteria. From our data it vrould 
seem that the heightened metabolism of the 
febrile state -would enhance the toxicitj- of 
any antigen released during the course of 
an infection: and that lotv temperature or 
lowered metabolism -would have an opposite 
and helpful enect. On the other hand, it is 
supposed that fever promotes vrithin limits 
both antibody formation and phagocytic ac- 
thily,** I^Tiether in therapy one of these 

i2Hcpp?l. L. A.. Xc-a!, P. A.. Perrin. T. L.. EaAi- 
tt'tt, K. 31.. and Porrcrflc-ld. V. T.. J. PA/irn. ani 
rrf- Tlicrai,., 194.5. S4. 53. 

I® Jliher, C. P.. and Boor, X . K.. Psoc. Soc. Exp. 
Bro:, iim Jto., Ip4d. Cl, IS. 

J^PerJa, D.. and Marnjorston. .T.. Xnty.rol Rr- 
i-.J’.n'.cc crd Clinifnl Ifcdifinc. Little, Ero-.-rn and 
Co.. Bosttn. 1941. p. 12-53. 


actions should be supported at the expense 
oi the other, cannot be said in the absence 
of adequate quantitative information. 

Summery. (1) An extensive list of 
pharmacological agents is presented, -whose 
protective effects against the Salmonella endo- 
toxin is reported as negative. The endotoxin 
of S. typhlmurium was chosen for such tests 
because it is considered to be t>-pical oi the 
endotoxins generalh' found in Gram-nreative 
bacteria. 12) Tbiouracil and p-aminobenaoic 
acid have a limited protective effect against 
the lethal action of the endotoxin. Thi- 
ouracU protects against endotoxin-induced 
tumor hemorrhage. It is concluded that these 
effects, as well as the similar effects of the 
sulfonamides, is via a common mechanism, 
f/r., interference -with tb\Toid activitj'. 
(3) Thiouracil has some protecth-e effect 
against 1.2-dichloroethane. but is ineffective 
against colchicine. ^-.Aminobenzoic add is 
likewise ineffective against colchicine. (4) 
Mice maintained at high endronmental tem- 
peratures are more \'ulnerable to the endo- 
toxin than those kept at lo-wer temperatures. 
(5) The application of Selye's concept of 
“the general adaptation sjmdrome” to the 
action of certain poisons is briefly discussed. 
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Growth of tubercle bacilli on media-con- 
taining egg or similar comple-x substances is 
inhibited b\- contamination of the medium 
■'dth either fungi or bacteria. This inhibi- 
tion is apparentl\- not specific but results 
‘tom the production of protein split product, 
deprivation of ox\‘gen. etc. 

On simpler mediums (c.g. Longs) the plc- 
lUre is ver\- different. While some fungi are 

* Biea 194 * 5 . 


unable to grow on those mediums, others 
STOW freely. -As a rule they do not interfere 
with the RTO-wth oi the tubercle bacillus and 
maj' even favor it. 

.A search was made for fungi capable of 
producing antibiotic agents. The following 
technic was used. 

.An alundun capsule (20 2 cm. dense) 

was introduced into a 250 cc Erlemneyer 
flask containing lOO cc of Long s medium. 
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Pharmacologicai. Protection Against Certain Poisons 


TABLE AL 


Lose of 
endotoxin 
(intrnper.) 
mg 

Dose of 
eolcliicine 
(intr.sper.) 
mg 

Do.so of 

p-aniinobcnzoic 

acid 

(stomach tube) 

No. of mice 

% survival 

— 



33 mg (X3) 

15 

100 

0.75 

— 

33 mg (X3) 

20 

65 

0.75 


(control) 

20 

25 

— 

o.so 

33 mg (X3) 

15 

0 

— 

0.50 

(control) 

15 

14 


against the effects of the endotoxin, but that, 
like thiouracil, it is ineffective against 
colchicine. 

Discussion. The sulfonamides are now 
recognized as possessing a goitrogenic action.® 
Likewise the most evident physiological ef- 
fects of thiouracil and of /i-aminobenzoic 
acid are ascribable to interference with thy- 
roid function.® 

It seems reasonable to suppose, then, in 
view of the additional data presented in this 
paper, that the general protective effects of 
these 3 classes of compounds may be as- 
cribed to a common mechanism, viz., inter- 
ference with thyroid function. This conclu- 
sion receives further support from some ex- 
ploratory e.xperiments in which mice for sev- 
eral dai's before endotoxin injection W'ere fed 
on a diet containing 1% of thyroid extract. 
These animals appeared to be more suscepti- 
ble to the toxic action of the endotoxin than 
W'ere the untreated controls. 

As to how' thyroid interference and the 
presumed low'ered metabolism renders the 
endotoxin less toxic, ver}' little may be said. 
If, as has been postulated for colchicine,*" 
the endotoxin is first oxidized to products 
W'hich themselves are the effective poisons, 
then it is reasonable to suppose that the pro- 
duction of these secondary poisons w'ould be 
retarded bj' a lowered metabolism, possibl)' 
allowing the normal excretory and detoxica- 
tion s}'stems of the body to cope W'ith the 
antigen in its nontoxic phase. 

The failure of colchicine to be affected by 
thiouracil treatment is provocative. There 
appears to be a general parallelism between 
the toxic effects of the endotoxin and the 

‘ 0 Astwood, lilii^lTpUarmacol., 1943, 78, 79. 

lOFuhrni.in, F. A., Phijsiol. Sev., 1946, 25, 247. 


Stereotyped response of the body to a con- 
siderable series of toxic agents. This body 
response has been termed “the general adapta- 
tion syndrome” by Selye,** and includes the 
diverse phenomena usually designated as 
“shock.” It seemed appropriate to us to 
determine whether the action of goitrogens 
W'as specific for the endotoxin, or whether 
their effect might in an over-all w'ay be di- 
rected at the harmful phases of “the general 
adaptation sj'ndrome.” Considerable^ inter- 
est was attached to colchicine in this con- 
nection, for colchicine poisoning induce a 
syndrome overtly resembling that of poison- 
ing by the endotoxin, even to a parallelism 
in tumor hemorrhage induction.' Selye has 
stated that colchicine is an especially good 
reagent for eliciting the “alarm reaction — 
the first stage of “the general adaptation 
syndrome.” If one agrees that colchicine is 
indeed a ty'pical elicitor of “the genera^ 
adaptation syndrome,” then goitrogen therapy 
in the later damaging phases of this syn 
drome is not likely to prove very useful, in 
view' of the above reported failure o 
goitrogens to protect against colchicine. Some 
doubt, on the other hand, may be cast on 
the legitimacy of regarding colchicine as a 
reliable reagent for producing the genera 
adaptation syndrome” of Selye, especia y m 
view of the protection obtained by goitrogens 
against dichloroethane poisoning, w'hich bears 
little immediate resemblance to either col- 
chicine or endotoxin poisoning. It may be 
remarked that protection against dicWoro- 
ethane has also beep reported for su ® 
mide and />-aminobenzoic acid, hot o w 
actions, like that of thiouracil, are^^^' 

11 Solve, H., J. AVcrriy, 194l>, IL 231; 

1946, 17, 2S9. 
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genic.’- Hence, it must be concluded that 
the influence of goitrogens on “the general 
adaptation sjTidrome” is an open issue. 

Penicillin has lately been reported to af- 
ford protection against the toxic action of 
(he gonococcal endotoxin.’"' It will be of 
interest to determine whether this protection 
is based on goitrogenesis. 

.Another question arising from the data 
presented in this paper concerns the role and 
value of fever in resistance within the body 
to the toxemia of infections caused b\' Gram- 
negative bacteria. From our data it would 
seem that the heightened metabolism of the 
febrile state would enhance the toxicity of 
any antigen released during the course of 
an infection; and tliat low temperature or 
lowered metabolism would have an opposite 
and helpful effect. On the other hand, it is 
supposed that fever promotes witliin limits 
both antibody formation and phagocytic ac- 
tivity.’'* Whether in therapy one of these 

iSHeppe], L. A., Nc.al, P. A., Perrin, T. L., Endi- 
cott, E. M., .and Porterfield, V. T., J. Pliarm. and 
Exp. Thcrap., 1945, 84, 53. 

33 Jtiller, C. P., .and Boor, A. K., Pkoc. Soc. Exp. 
Biol, axd itEo., 1940, 01, IS. 

31 Perla, D., .and M.armorston, .T.. Xatumt l!c- 
siniance and Clinical Medicine, Little, Brown and 
Co., Boston, 1941, p. 1253. 


actions should be supported at the e.xpense 
of the other, cannot be said in the absence 
of adequate quantitative information. 

Summary. (1) .An extensive list of 
pharmacological agents is presented, whose 
protective effects against the Salmonella endo- 
toxin is reported as negative. The endoto.xin 
of 5. typliimurium was chosen for such tests 
because it is considered to be tj^ical of the 
endotoxins generally found in Gram-negative 
bacteria. (2) Thiouracil and ^-aminobenzoic 
acid have a limited protective effect against 
the lethal action of the endotoxin. Thi- 
ouracil protects against endotoxin-induced 
tumor hemorrhage. It is concluded that these 
effects, as well as the similar effects of the 
sulfonamides, is via a common mechanism, 
viz., interference with thjToid activity. 
(3) Thiouracil has some protective effect 
against 1,2-dichloroethane, but is ineffective 
against colchicine. />-.Aminobenzoic acid is 
likewise ineffective against colchicine. (4) 
Mice maintained at high environmental tem- 
peratures are more vulnerable to the endo- 
toxin than those kept at lower temperatures. 
(5) The application of Selye’s concept of 
“the general adaptation syndrome” to the 
action of certain poisons is briefly discussed. 
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Growth of tubercle bacilli on media-con- 
taining egg or similar complex substances is 
inhibited by contamination of the medium 
■"'ith either fungi or bacteria. This inhibi- 
tion is apparently not specific but results 
from the production of protein split product, 
deprivation of o.xygen, etc. 

On simpler mediums (c.g. Long’s) the pic- 
ture is very different. While some fungi are 

^ Died October, 194C. 


unable to grow on those mediums, others 
grow freely. As a rule they do not interfere 
with the growth of the tubercle bacillus and 
max”^ even favor it. 

.A search was made for fungi capable of 
producing antibiotic agents. The following 
technic was used. 

.An alundun capsule (20 X 2 cm. dense) 
was introduced into a 250 cc Erlenmex’er 
flask containing 100 cc of Long’s medium. 




against the effects of the endotoxin, but that, 
like thiouracii, it is ineffective against 
colchicine. 

Discussion. The sulfonamides are now 
recognized as possessing a goitrogenic action.** 
Likewise the most evident physiological ef- 
fects of thiouracii and of />-aminobenzoic 
acid are ascribable to interference with th 3 f- 
roid function.® 

It seems reasonable to suppose, then, in 
view of the additional data presented in this 
paper, that the general protective effects of 
these 3 classes of compounds may be as- 
cribed to a common mechanism, viz., inter- 
ference with thyroid function. This conclu- 
sion receives further support from some ex- 
ploratory experiments in which mice for sev- 
eral daj-s before endotoxin injection were fed 
on a diet containing 1% of thyroid extract. 
These animals appeared to be more suscepti- 
ble to the toxic action of the endoto.xin than 
were the untreated controls. 

As to how thyroid interference and the 
presumed lowered metabolism renders the 
endotoxin less toxic, very little may be said. 
If, as has been postulated for colchicine,*** 
the endotoxin is first oxidized to products 
which themselves are the effective poisons, 
then it is reasonable to suppose that the pro- 
duction of these secondarj' poisons would be 
retarded by a lowered metabolism, possibly 
allowing the normal e.xcretor}^ and detoxica- 
tion systems of the body to cope with the 
antigen in its nontoxic phase. 

The failure of colchicine to be affected by 
thiouracii treatment is provocative. There 
appears to be a general parallelism between 
the toxic effects of the endotoxin and the 

0 Ashvootl, E. B., J. Pharmacol, 1943, 78, 7.9. 

lOEulirm.-m, F. A., Physiol Pev., 1.94G, 25, 247. 


stereotyped response of the body to a con- 
siderable series of toxic agents. This body 
response has been termed “the general adapta- 
tion syndrome” by Selye,** and includes the 
diverse phenomena usually designated as 
“shock.” It seemed appropriate to us to 
determine whether the action of goitrogens 
was specific for the endotoxin, or whether 
their effect might in an over-all way be di- 
rected at the harmful phases of “the general 
adaptation syndrome.” Considerable inter- 
est was attached to colchicine in this con- 
nection, for colchicine poisoning induces a 
syndrome overtly resembling that of poison- 
ing by the endotoxin, even to a parallelism 
in tumor hemorrhage induction.* Selye has 
stated that colchicine is an especially good 
reagent for eliciting the “alarm reaction” — 
the first stage of “the general adaptation 
syndrome.” If one agrees that colchicine is 
indeed a typical elicitor of “the general 
adaptation S3mdrome,” then goitrogen therapy 
in the later damaging phases of this syn- 
drome is not likely to prove very useful, in 
view of the above reported failure of 
goitrogens to protect against colchicine. Some 
doubt, on the other hand, ma 3 ’' be cast on 
the legitimac 3 f of regarding colchicine as a 
reliable reagent for producing “the general 
adaptation syndrome” of Selye, especially in 
view of the protection obtained by goitrogens 
against dichloroethane poisoning, which bears 
little immediate resemblance to either col- 
chicine or endotoxin poisoning. It may be 
remarked that protection against dichloro- 
ethane has also been reported for sulfanila- 
mide and p-aminobenzoic acid, both of whose 
actions, like that of thiouracii, are goitro- 

11 Selye, H., /. Alicrffy, 1946~ 17, 231; ihid, 
1946, 17, 2S9. 
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genic.^- Hence, it must be concluded that 
the influence of goitrogens on “the general 
adaptation syndrome” is an open issue. 

Penicillin has lately been reported to af- 
ford protection against the toxic action of 
the gonococcal endoto.xin.^"’ It will be of 
interest to determine whether this protection 
is based on goitrogenesis. 

Another question arising from the data 
presented in this paper concerns the role and 
value of fever in resistance within the body 
to the toxemia of infections caused b}' Gram- 
negative bacteria. From our data it would 
seem that the heightened metabolism of the 
febrile state would enhance the toxiciti' of 
any antigen released during the course of 
an infection; and tliat low temperature or 
lowered metabolism would have an opposite 
and helpful effect. On the other hand, it is 
supposed that fever promotes within limits 
both antibody formation and phagocytic ac- 
tivity.“ Whether in therapy one of tliese 

J^Hoppel, L. A., JCc.al, P. A., Perrin, T. L., Entli- 
cott, K. M., .and Porterfield, T. T., J. Pharm. and 
Pxp. Therap., 1945, 84, 53. 

13 ilillcr, C. P., and Boor, .A.. K., Proc. Soc. Exp. 
Biol, axd IIed., 194G, Cl, IS. 

iiPerla, D., ,and JEarmorston, J.. A'attiral J!e- 
sistancc and Clinical 2Icdicinc, Little, Brown and 
Co., Boston, 1941, p. 1253. 
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actions should be supported at the e.xpense 
of the other, cannot be said in tlie absence 
of adequate quantitative information. 

Summary. (1) An extensive list of 
pharmacological agents is presented, whose 
protectwe effects against the Salmonella endo- 
toxin is reported as negative. The endotoxin 
of 5. typhimurium was chosen for such tests 
because it is considered to be tjqiical of the 
endotoxins generally found in Gram-negative 
bacteria. (2) Thiouracil and ^-aminobenzoic 
acid have a limited protective effect against 
the lethal action of the endotoxin. Thi- 
ouracil protects against endotoxin-induced 
tumor hemorrhage. It is concluded that these 
effects, as well as the similar effects of the 
sulfonamides, is via a common mechanism, 
viz., interference with thyroid activity. 
(3) Thiouracil has some protective effect 
against 1,2-dichloroethane, but is ineffective 
against colchicine. /'-.Aminobenzoic acid is 
likewise ineffective against colchicine. (4) 
Alice maintained at high environmental tem- 
peratures are more vulnerable to the endo- 
toxin than those kept at lower temperatures. 
(5) The application of Selye’s concept of 
“the general adaptation syndrome” to the 
action of certain poisons is briefly discussed. 
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Growth of tubercle bacilli on media-con- 
taining egg or similar complex substances is 
inhibited by contamination of the medium 
with either fungi or bacteria. This inhibi- 
tion is apparently not specific but results 
from the production of protein split product, 
deprivation of oxygen, etc. 

On simpler mediums (e.g. Long’s) the' pic- 
ture is veri' different. IVhile some fungi are 

* Died October, 1940. 


unable to grow on those mediums, others 
grow freely. .As a rule the}' do not interfere 
with the grow’th of the tubercle bacillus and 
ma}' even favor it. 

.A search was made for fungi capable of 
producing antibiotic agents. The following 
technic w'as used. 

.An alundun capsule (20 X 2 cm. dense) 
was introduced into a 250 cc Erlenmeyer 
flask containing 100 cc of Long’s medium. 
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The fluid inside the capsule (±5 cc) was 
inoculated with the fungus under investiga- 
tion, while the outside fluid was inoculated 
with a recently isolated strain of virulent 
tubercle bacilli. While a rapid and eas 3 ' 
exchange of metabolic product occurred 
through the alundun wall, the coarse fungus 
filaments did not as a rule penetrate it and 
invade the outer fluid. In the few cases in 
which this happened, the filtrate from the 
fungus growth was tested for the presence 
of growth inhibiting substances. 

Of a large number of fungi, recently iso- 
lated from a variety of sources, only one, a 
Fusarium, sp., inhibited growth of the tu- 
bercle bacillus. 

The inhibiting substance passes through 
fritted glass filters and IMandler filters but 


is partially inactivated by passage through 
Seitz filters. The crude filtrate is active up 
to a dilution of 1/20 and withstands heat- 
ing to 100° for IS minutes without loss of 
activity. 

Experiments are now in progress to isolate 
the active principle and determine its activi- 
ty in vivo. 

C. D. Sherbakoff, Head Dept, of Plant 
Pathologjr, The University of Tennessee, 
.Agricultural Experiment Station, has kindly 
identified the Fusarium as Fusarium scirpi 
Lamb, et Fautr. v. accuminatum (Ell. et Ev.) 
Wr. Wollenweber in his monograph on Die 
Fusarien, Z. f. Parasitenkunde, Berlin, 1931, 
places this Fusarium as No. 930 in a list of 
1100. 
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Ruth Steinkaxip, Carroll F. Shukers, John R. Totter, and Paul L. Day. 
From tlir Department of Physiotogical Chemistry, School of Jlcth'cinc, Vniversity of Arhansas. 

Little FoeV. 


Introduction. Few studies on the urinary 
excretion of pterojdglutamic acid have been 
reported.^"^ No published information con- 
cerning the e.xcretion of this vitamin after 
single large doses is available. Consequent- 

Eesp.arch paper No. S30. Jimrnal Series, Uni- 
versity of Arli.'iiisa.s. Tliis work was suiiported in 
part by a grant-in-aid from tlie Nutrition Founda- 
tion, Inc., New York. AVe are indebted to the 
Lederlc Laboratories. Inc., for supplies of syn- 
thetic pteroylglutamic acid (“Folvito”). 

1 Denko, C. AV., Grundy, AV. E., Porter, J. AV., 
Berryman, G. H., Friedman, T. E., and Youmans, 
.T. B., Arch. Diochem., 1340, 10, 33. 

2 Denko, C. AA^., Grundy, AA'. E., AViiceler, N. C., 
Henderson, C. E., Berryman, G. II., Friedman, T. 
E., and A^oumans, J. B., Arch. Biochnn., 1946, 
11, 109. 

3 AVright, L. D., and AVelch, A. D., Science, 1943. 
98, 179. 

4 Johnson, B. C., Hamilton, T. S., and ilitehell, 
H. H., J. Biot. Chem.. 1943, 159, 42o. 


]y, we are reporting results of such studies 
on 9 normal subjects and 9 hospitalized pa- 
tients representing assaj's on 54 24-hour 
urine samples. 

Methods. Since the primary purpose of 
the study was to determine the recovery of 
the free pterojdglutamic acid, no resort ivas 
made to the use of enzymes to liberate any 
conjugated vitamin. 

One or more preliminarj' 24-hour urine 
samples were obtained in all but 2 instances. 
The test dose of s}mthetic ptero.vlglutamic 
acid was given orally (5.0, 5.1, 10 or 16 mg) 
and samples of urine Avere collected at vary- 
ing intervals for the 24-hour period immedi- 
ately following. The samples n-ere presented 
under benzene and aliquots Avere suitably 
diluted for determining the PG.A micro- 
biologically^ AA'ith Streptococcus jaccalis 

•A JlifchcII, H. K., and Snell, E. B., The TJniv. of 
Texas Pnhlication, 1941, No. 4137, 3G. 
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(American Type Culture Collection Xo. S043). 
SjTithetic pteroylglutamic add was used as 
the standard. Turbidimetric readings were 
made with a Coleman spectrophotometer. 

Results. The assay values for the pre- 
liminary 24-hour periods are given in Table 
I. The mean value for 15 determinations on 
normal subjects was 2.34 y — l.OS y: that 
for the 24 studies on the hospitalized pa- 
tients was 2.3 y :± 1.5 y. These values are 
in satisfactory agreement with results ob- 
tained by Denko ct al.^ and by IVright and 
Welch" on normal individuals. 

Data on the rate of e.vcretion of the test 
doses are given in Fig. 1. The data are 
presented in terms of the percentage of test 
dose e.vcreted, since this appears to be in- 
dependent of the size of the test dose used. 

The curve is dranm through the cumula- 
tive average recoveries from the normal in- 
dividuals for 4. S and 24 hours. The greater 
part of the excretion of the vitamin took 
place between the second and eighth hours 
following oral administration. The total 24- 
hour percentage recovery- for tlie normal sub- 
jects averaged 28.5 (range 24.5-37.3%). 
With the e.xception of one patient who had 
received 5 mg of “Folvite"* 12 days pre- 
viously, the total 24-hour recoveries for the 
8 samples from hospital patients fell below 
11% (range for all patients 1.75-26.9%). 
The diagnoses and the preliminary urinary 
pteroylglutamic acid e.xcretion levels are pre- 
sented in Table I. The surprisingh' small 
percentage recoveries of the vitamin in these 
patients may indicate either a low degree of 
saturation, increased destruction, increased 
requirement, or the conjugation of pteroyl- 
glutamic acid before excretion. The data at 
hand do not permit a choice among these 
possibilities. 

Suvnnary. Fifty-four urine samples for 
24-hour periods have been assayed micro- 
biological!}' for free pteroylglutamic acid. 
For normal subjects the average 24-hour ex- 
cretion was 2.34 y. Following an oral dose 
of pteroylglutamic acid the mean percentage 
recovery was 28.3%. .Although the hospital- 
ized patients studied had a similar e.xcretion 
level (average 2.3 -/ for 24 hours) prior to 
dosage with pteroylglutamic acid, the per- 
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HOURS AFTER DOSAGE 
Fig. 1. 

The percentage urinary" recovery of ptcroylglutainic acid after single oral doses of 5.0, 5.1, 

10 or 10 mg. • — ^Normal subjects; Q — hospital patients. 

centage returns from single oral doses were finding which is possibly indicative of a low 
much lower than in the normal subjects, a degree of saturation. 
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EdIVIN E. HAYS.f 

From the Veparlmcnt of Biochemistry, University of Vermont, Colleyc of Medicine, Burlington, 

Vermont. 


Since the antianemic properties of pteroyl- cells and to ascertain the relationship of 
glutamic acid (synthetic folic acid) were re- pterojdglutamic acid to the antipernicious 
ported’^ there have been many studies to anemia principle. Efforts to demonstrate sig- 
determine how this substance acts upon the nificant amounts of pteroylglutamic acid in 
bone marrow to stimulate the production of highly potent antipernicious anemia liver 

fractions have failed.-'^ Attempts made to 

* Aided by a grant from The Armour Labor.a- liberate free pteroylglutamic acid from ground 
tories, Armour aud Company, Chicago, 111. muscle treated with normal gastric juice ac- 

t With the technical assistance of Miss Betty the technic of Castle and Town- 

Paulsen JIrs. Francena G.albraith, and JIiss Con- — 

stance Broivnell. = Cl'U'k, Guy W., Am. J. Med. Sci., 1945, 209, 520. 

iSpi'S Tom X> Vilter, 0. F., Koch, M. B., and astokstad, E. L. R., and Jukes, T. H., Pnoc. Soc 
Caldwell,’ M. H., Southern Med. J., 1945, 38, 707. Bxr. Bron. axd Med., 1940, 02, 112. 
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Substrate added to Tvrode solution* 

Final cone., 
pg per ml 

No. of reticulo- 
cytes per 1000 
nucleated cells 

Avgt 

Eauge 

None 

— 

7 (20) 

3-8 

Pteroylglutamic acid (folic acid) 

4.9 

8 (2) 

S-8 


.05 

S (4) 

6-9 


.0005 

S (2) 

5-10 


.00005 

7 (2) 

7‘7 

Hexaglutnmyl-iiteroylglutaniic acid (vitamin conjugate) 

1.0 

S (2) 

7-9 


.1 

7 (2) 

7-7 


.01 

6 (4) 

5-8 

Eat serum 

— 

13 (20) 

9-34 

Normal human scrum 

— 

15 (4) 

9-24 

Human pernicious anemia serum} 

— 

7 (1) 

— 

Human pernicious anemia serumt and liver extract 

.005 

13 (1) 

— 

Human pernicious anemia serunii and pteroylglutamic acid 

.0025 

8 (1) 

— 

Liver extract? 

.1 

11 (6) 

6-18 


.01 

11 (10) 

9-lS 


.001 

13 (1) 

— 


.0001 

10 (2) 

7-14 


.00001 

6 (2) 

6-6 


* All subsfrates were dissolved in glueose-free Tvrode solution. In the cases Tvliere serum 
ivas added, 1 volume of serum was added to 3 volumes of glueo.se-free Tjrode solution, 
t Numbers in parentheses indicate number of different c.vpcriments. 

‘ Taken from ease of pernicious anemia in relapse. 

Liver extract ponder provided br The .Armour Laboratories. This c.vtract (Lot No. 
112S5A) was used in the preparation of a 15 E.S.P. unit liver extract. 17 mg was equiv.alent 
to 1 Tf.S.P. unit. 


send^ in this and other laboratories iikeirise 
have failed. It would appear likeh% there- 
fore, that either the antipernidous anemia 
prindple produced by the interaction of 
Castle’s “e.vtrinsic” and “intrinsic” factors, 
and that stored in the liver, are free of 
pterojdglutamic acid; or that pteroylglutamic 
acid is a component of the antipernidous 
anemia factor which ordinary methods of 
hydrolysis and assay’- fail to liberate and de- 
tect. The report of Welch et of.® that gas- 
tric juice did not liberate free pteroydglutamic 
acid from the heptaglutamyl (vitamin Be 
Conjugate) form would support the latter 
wew. From this report, there also appears 

^Castle, yr. B., and Townsend, W. C., Am. J. 

Scl, 1929, ITg, 7GL 

STTelch, A. D., Heinle, E. tV., Nelson, B. K., and 
Nelson, H. T., J. Biol. Chem., 1946, 164, 787. 


to be some difference between the pernicious 
anemia patient and the normal individual 
with respect to the ability to break doivn the 
conjugated form to free pteroydglutamic add. 
This finding agrees with the report of Bethel 
et al.'^ that patients having pernicious ane- 
mia fail to excrete increased amounts of 
pteroydglutamic acid in the urine when the 
heptaglutamyl conjugate form is fed. On the 
other hand, normal individuals are able to 
convert the conjugate form into pteroyl- 
glutamic acid and excrete it. In both in- 
stances pteroylglutamic acid when adminis- 
tered orally causes a marked increase in the 
urinary'^ e.xcretion of free pteroydglutamic acid. 

In spite of the similarity’- between the clin- 

GBetliell, F. H., Swendseid, il. E., Bird, D. D., 
Meyers, M. C., Andrews, O. A., and Brown, E. A., 
l/niv. Sosp. Bull., Vniv. of Michigan, 1946, 12, 42, 
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ical response obtained from the administra- 
tion of antipernicious anemia liver fractions 
and pteroylglutamic acid in the treatment of 
the various blood dyscrasias it is becoming 
apparent that the actual stage at which these 
2 substances stimulate erythropoiesis may 
not be the same. In addition, it is known 
that on a weight for weight basis, liver ex- 
tracts are more potent than pteroylglutamic 
acid or its heptaglutamyl form. 

The work reported here is the result of 
a series of experiments that has been con- 
ducted in this laboratory during the past 
3'ear comprising a study of the effect of 
pteroylglutamic acid,* its heptaglutamyl 
conjugate form,^ and liver fractions highlj* 
potent with respect to their antipernicious 
anemia content upon red cell maturation in 
vitro in an attempt to secure information con- 
cerning the point at which these substances 
act upon red cell production. After remov- 
ing the immature cells from other marrow 
constituents by means of centrifugation the 
resulting preparation permits a study of the 
maturation process independent of the modify- 
ing factors of the gastro-intestinal tract, the 
liver, and the bone marrow matrix which 
are found in the intact animal and hence it 
is possible to study this one phase of red 
cell production separately. 

Table I summarizes some of the results 
which were obtained by using bone marrow 
cell survival technic based upon the method 
of Osgood and Brownlee."' il Rat bone mar- 
row cells were incubated 3-5 hours at 37°C 
while suspended in a glucose-free T\Tode 
solution. At the end of the incubation peri- 
od, reticuloc 3 de counts were made using the 
wet preparation technic and 'staining with 
brilliant cresyl blue. Only “mature” reticulo- 
cytes were counted. Lang-Levj' micro- 

t Courtesy of Lcdcrle L.aboMtories, Pc.irl IJivcr, 

N.T. 

§ Courtesy of Dr. J. J. Pfilfncr, Parke, Davis 
and Co., Detroit, Mick. 

7 Osgood, B. E., and Brounleo, Inez E., /. A. 
il. A., 1936, 107, 123. 

II Details of tkis inetkod are to be published. 


pipettes'^ were used in adding the various 
constituents to the media. A standard liver 
extract of known concentration was included 
in each daj'’s e.xperiment. 

It will be noted that neither pteroylglutam- 
ic acid nor its heptaglutamyl conjugate, ap- 
peared to bring about maturation of red 
cells from their primitive precursors to the 
mature reticulocyte stage. On the other 
hand, a liver preparation produced matura- 
tion quantitatively similar to that change 
observed when normal serum is added to 
the preparation. It should be noted that in 
a single instance serum from a patient with 
pernicious anemia in relapse did not show 
the presence of this maturation factor. It 
is possible that this experiment may indi- 
cate that the stimulant for erythropoiesis 
found in the blood is similar to that found 
in liver extract and not similar to pteroyl- 
glutamic acid. 

The difference between the effect of liver 
extracts and of pterojdglutamic acid upon 
immature bone marrow cells has been noted 
in the presence of glucose, casein hj'drolysate, 
or glucose and casein hf'droh'sate in the same 
medium so that it appears not to be a func- 
tion of a metabolite or a combination of 
amino acids present. It has been observed 
that ferrous iron added to any of the above 
substrates appears to diminish maturation. 

Summary. The above evidence indicates 
that pterojdglutamic acid, or its conjugated 
form, does not act directly in an unaltered 
state upon primitive red cells to mature them, 
whereas a highly potent antipernicious ane- 
mia liver preparation appears to cause a 
maturation comparable to that observed in 
the presence of serum. A single sample of 
serum from a patient having pernicious ane- 
mia in relapse appeared to lack the matura- 
tion factor found in normal human and rat 
serum. Pterojdglutamic acid failed to in- 
crease the maturation of bone marrow cells 
suspended in this serum. 

8 Levy, M., C. E. trav. Lab. Cartsberg, Serie 
chim., 1936, 21, 101. 
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Charles F. Poe and Joseph J. Tregoning. 

From the Division oof Saniinrij Chemistry, University of Colorado, Boulder, Colo. 


Most investigators have concerned them- 
selves with the variation in morphological 
and colonial characteristics, especially in re- 
gard to the smooth (S) and rough (R) 
hpes. Neisser,' in his first work on varia- 
tion, noted that a nonlactose-fermenting, colon- 
like organism gave daughter colonies which 
fermented lactose. Burri" observed this 
same phenomenon in regard to sucrose fer- 
mentation, when he studied an organism iso- 
lated from fermenting grass. 

Many investigators have found no char- 
acteristic biochemical difference among their 
variants when the original culture was grown 
in media containing carbohydrates or higher 
alcohols e.\-cept lactose. 

Variation occurs spontaneously under or- 
dinaiy conditions of cultivation, and also 
with environmental stimuli such as the pres- 
ence of sugars, d.ves, or changes in tempera- 
ture. The presence of salicin in the medium 
as the environmental stimulus was chosen 
in this present investigation. The chief ob- 
ject was to study the characteristics of the 
variants which were produced when separate 
individual colonies from the mother culture 
were successively transplanted in salicin broth 
for 15 times. 

.A. group of 36 salicin-negative organisms 
were selected, 31 of these belonging to the 
Escherichia genus and 5 to the Acrobacter 
genus. Eosin-methylene blue plates were 
streaked from these cultures, and 10 col- 
onies which showed no gas production in 
salicin medium were transferred everc third 
daj' to fresh tubes of salicin medium for at 
least IS times. The percentages of gas pro- 
duced were recorded after 7 dar’s incubation 
at 37°C. As an example, a record of the 
acquired abilit)" of culture E. atiindoUca G. 
to ferment salicin is shown in Table I. 

1 Xeisscr, il., Centralhl. f. Bal:1., .\bt. I, Bef., 
190G, 38, 9S. 

2Burri, B., Centralhl. f. Balt., Abt. II, 1910, 
28, 321. 


Of the 36 organisms used, 22 (220 sub- 
cultures) remained negative to salicin through- 
out the 15 transplants in salicin broth. Of 
the other 14 organisms (140 sub-cultures), 
there were from 1 to 10 of the sub-cultures 
of each organism which acquired the ability 
to ferment salicin after from 1 to 12 trans- 
plants. Seventy-six of these 140 sub-cultures 
fermented salicin and 64 remained negative. 
Ten of the 64 salicin-negative sub-cultures 
were streaked on eosine methjdene blue agar 
plates. Ten colonies were selected from each 
plate and placed in salicin medium. Positive 
variants were obtained from 7 of the salicin- 
negative daughter colonies. In no instance, 
however, did more than one tube out of 10 
representing a given culture produce more 
than 10% gas. In many instances, it was 
discovered that the salicin-negative and 
salidn-positive variants from the same cul- 
ture gave different forms of colonies on agar 
plates. 

.A representative number of the salicin- 
positive variants were placed on agar slants 
for permanent cultures. All of these cul- 
tures were transferred to salicin broth after 
being stored for 3 years at about 4°C. In 
every instance, where the organisms were 
still alive, the reaction to salicin was still 
positive. Streaks of 20 of the cultures were 
made on eosin-methjdene blue agar. Ten of 
the individual colonies from each culture 
were grown in salicin medium for 7 days. 
The majorit}^ of the sub-cultures produced 
gas in salicin medium. 

The quantitative study of the progressive 
acid fermentation was conducted on the 
original culture of Aerobacter cloacae and on 
one of its variants which developed the pow- 
er to ferment salicin. These 2 organisms 
were grorvn in salicin medium, and at fre- 
quent inter\'als during ISO hours, the pH 
values of the medium were determined. Simi- 
lar determinations were made for a culture 
of Escherichia jorntica and one of its salicin- 
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ical response obtained from the administra- 
tion of antipernicious anemia liver fractions 
and pteroylglutamic acid in the treatment of 
the various blood dyscrasias it is becoming 
apparent that the actual stage at which these 
2 substances stimulate erythropoiesis may 
not be the same. In addition, it is known 
that on a weight for weight basis, liver ex- 
tracts are more potent than pteroylglutamic 
acid or its heptaglutamyl form. 

The work reported here is the result of 
a series of experiments that has been con- 
ducted in this laboratory during the past 
year comprising a study of the effect of 
pteroylglutamic acid,* its heptaglutamyl 
conjugate form,^ and liver fractions highly 
potent with respect to their antipernicious 
anemia content upon red cell maturation in 
vitro in an attempt to secure information con- 
cerning the point at which these substances 
act upon red cell production. After remov- 
ing the immature cells from other marrow 
constituents by means of centrifugation the 
resulting preparation permits a study of the 
maturation process independent of the modify- 
ing factors of the gastro-intestinal tract, the 
liver, and the bone marrow matrix which 
are found in the intact animal and hence it 
is possible to study this one phase of red 
cell production separately. 

Table I summarizes some of the results 
which were obtained by using bone marrow 
cell survival technic based upon the method 
of Osgood and Brownlee.'-ii Rat bone mar- 
row cells were incubated 3-5 hours at 37°C 
while suspended in a glucose-free Tyrode 
solution. At the end of the incubation peri- 
od, reticulocyte counts were made using the 
wet preparation technic and “staining with 
brilliant cresyl blue. Only “mature” reticulo- 
cytes were counted. Lang-Levy micro- 

{ Courtesy of Lcderle Laboratories, Pear] Itiver, 
N.Y. 

§ Courtesy of Dr. J. J. Pfiffner. ParJee, Dark 
and Co., Detroit, Miel!. 

T Osgood, E. E., and Bromilee, Inez E., J. 

.V. A., 1936, 107, 123. 

II Details of this luotiiod are to be published. 


pipettes* were used in adding the various 
constituents to the media. A standard liver 
e.xtract of known concentration was included 
in each day’s experiment. 

It will be noted that neither pteroylglufam- 
ic add nor its heptaglutamyl conjugate, ap- 
peared to bring about maturation of red 
cells from their primitive precursors to the 
mature reticulocyte stage. On the other 
hand, a liver preparation produced matura- 
tion quantitatively similar to that change 
observed when normal serum is added to 
the preparation. It should be noted that in 
a single instance serum from a patient with 
pernicious anemia in relapse did not show 
the presence of this maturation factor. It 
is possible that this ex-periment may indi- 
cate that the stimulant for erythropoiesis 
found in the blood is similar to that found 
in liver extract and not similar to pteroyl- 
glutamic acid. 

The difference between the effect of liver 
extracts and of pteroylglutamic acid upon 
immature bone marrow cells has been noted 
in the presejice of glucose, casein hydroli^sate, 
or glucose and casein hydrolysate in the same 
medium so that it appears not to be a func- 
tion of a metabolite or a combination of 
amino acids present. It has been observed 
that ferrous iron added to any of the above 
substrates appears to diminish maturation. 

Summary. The above evidence indicates 
that ptero 3 'lglutamic acid, or its conjugated 
form, does not act directly in an unaltered 
state upon primitive red cells to mature them, 
whereas a highly potent antipernicious ane- 
mia liver preparation appears to cause a 
maturation comparable to that observed in 
the presence of serum. A single sample of 
serum from a patient having pernicious ane- 
mia in relapse appeared to lack the matura- 
tion factor found in normal human and rat 
serum. Pteroylglutamic add failed to in- 
crease the maturation of bone marrow cells 
suspended in this serum. 

sLe-i-j-, Scrie 

chim., lose, 31, 101. 



Gravijietric Determination of Inorganic Phosphate 


563 


ammonium phosphomolybdate weighs 69 mg 
and the strychnine phosphomoh'bdate 89.3 
mg: (2) the strj'chnine precipitate is more 
insoluble and forms much more rapidly; (3) 
the strychnine precipitate readily coagulates 
into large particles which can be more easily 
handled than the ammonium precipitate and 
have less tendenc}' to adhere to the walls of 
the precipitating vessel; and (4) the str\mh- 
nine precipitate can be dried to constant 
weight in an ordinary drying oven at 100'’ 
to 110°. 

With the discovery that the solid pol}'- 
ethylene glycols form highly insoluble com- 
ple.xes with phosphomolybdic acid in the 
presence of barium,- the possibility suggested 
itself that these compounds might be adapted 
to a gravimetric determination of phosphate 
even more advantageously than strychnine. 
Subsequent e.vperimentation has justified this 
expectation, and the present report describes 
the results obtained with the substitution of a 
high molecular weight polyglycol for strych- 
nine in the Embden-Fetter method for the 
determination of inorganic phosphate in blood 
and urine. The barium-polyglycol-phospho- 
molybdate precipitate is the equal of strych- 
nine phosphomolybdate on each of the last 3 
counts mentioned above, and is superior in 
that it weighs 97.1 mg per mg of P. Its sole 
disadvantage is that its formation requires the 
presence of barium and, converselj', the ab- 
sence of sulfate. This interference, however, 
may readily be eliminated by a precipitation 
preceding the filtration that accomplishes de- 
proteinization of the sample. Minor consid- 
erations in favor of the use of the polyglycols 
are their low cost and availability since they 
are synthetic chemicals produced in tonnage 
capacity. 

Reagents. All reagents employed, with the 
exception noted, are those specified in the 
Embden-Fetter method.^ The polyglycol used 
is a commercial product sold under the trade- 
mark* name of “Carbowax” compound 6000, 
the numeral indicating a mixture of polymers 
with a mean molecular weight of 6000. As 
purchased, this material contains a small quan- 

- Sliaffer, C. B., and Critclifield, P. H., Inti. Eng. 
Chem., Anal. Eel., 1947, in press, 

* C.arbide and Carbon Cliemic.ais Corporation. 


tity of phosphate as an impurity, which mat" 
be removed b\f adsorption on basic ferric 
acetate in the following manner: Twenty g of 
the polyglycol are dissolved in ca. 160 ml of 
water and the solution is made faintly acid 
to methyl red by the addition of a few drops 
of dilute acetic acid. Then there are added 
in succession 4 ml of a 10% solution of ferric 
chloride in 0.2 N hydrochloric acid and 8 ml 
of a 5% solution of ammonium acetate. The 
mixture is heated with continual agitation 
until boiling just begins, at which point it is 
cooled momentarily and a few drops of dilute 
ammonium hvdroxide are added. The vo- 
luminous precipitate which forms is imme- 
diately filtered. The filtrate, which is the 
polyglycol solution to be employed in subse- 
quent work, should be water-white or of only 
a very faint greenish color, and should give no 
turbidity upon mixing with the molybdate 
solution. The precipitating reagent is pre- 
pared within an hour of use by mixing one 
volume of the polyglycol solution with three 
volumes of the molybdate reagent, in the 
same manner as the strychnine molybdate is 
prepared. 

No sulfate was encountered in either of the 
two samples of “Carbowax” compound 6000 
used in this work; however, had this anion been 
present, it would obviously have been neces- 
sary to have removed it prior to employment 
of the reagent. This removal could probably 
be best effected by acidifying the original 
polygl 3 'col solution, adding barium chloride, 
and filtering with suction through fine asbestos. 
The reaction of the filtrate would then be 
adjusted with dilute ammonium hydroxide, 
and the removal of phosphate carried out from 
that point. 

Procedures. (A) For Blood. Five ml of 
blood, plasma, or serum are measured into a 
50 ml flask containing 25 ml of 10% trichlor- 
acetic acid. Following a thorough shaking of 
the coagulum, 5 ml of a 10% barium chloride 
solution are added, and the flask is filled to 
the mark with water. .After about 15 minutes 
of standing, the contents are filtered through 
Whatman No. 42 or comparable paper. 
TwenW-five ml of the filtrate are diluted to 
60 ml, and 20 ml of the polygh'col-molybdate 
solution are added. The mixture is allowed 
to stand at room temperature for one hour 
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TABLE I. 

Production of Gas in Salieiii Aledium of V.niants of E. anindolica G. 


Daughter colonies 


Xo. of transplant 

1 

o 

3 

4 

5 

G 

7 

8 

9 

~10 

1 

0* 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

5 

10 

0 

20 

10 

0 

0 

0 

0 

5 

7 

10 

10 

5 

25 

15 

0 

0 

0 

0 

15 

8 

10 

10 

5 

25 

30 

0 

0 

0 

20 

10 

9 

20 

20 

15 

25 

25 

0 

20 

0 

25 

20 

10 

20 

25 

25 

20 

15 

5 

15 

0 

20 

15 

11 

20 

25 

35 

20 

15 

20 

25 

0 

20 

30 

12 

30 

20 

30 

20 

15 

20 

20 

20 

20 

35 

13 

35 

35 

30 

25 

15 

20 

20 

30 

20 

40 

14 

35 

35 

20 

25 

15 

30 

25 

35 

20 

40 

15 

35 

35 

30 

30 

25 

30 

30 

35 

35 

40 


* Figures arc in percentages of gas produced in 7 days. 


positive variants. 

It was discovered that the salicin-positive 
variants developed a greater capacity to form 
acid from salicin. The original cultures 
(salicin-negative) showed an acid production 
for about 10 hours to a minimum pH of 
about 6.7, after which there was an abrupt 
rise in pH to over S.5 during 180 hours. 
The salicin-positive variants from these cul- 
tures reduced the pH value of the medium 
to a value around 5 in 10 to 30 hours. The 
acid production was so great that the or- 


ganisms were killed in most instances. 

The results of this investigation indicate 
that, the fermentation of a given substance, 
such as salicin, is not necessarily a constant 
characteristic. Because of the acquired abili- 
ty to ferment this glucoside, a number of 
organisms changed from one species to an- 
other according to the Bergey classification. 
Five cultures change their classification from 
E. anindolica to E. cominunior, 3 from E. 
formica to E. coli, and 3 from E. gruenthali 
to E. paragrucnthali. 
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C. Boyd Shaffer. (Introduced by W. S. McEllroy.) 

From the ILCnltiple Fellowsiiip on Chemical Hygiene, Mellon InstUntc, Pittsl/iirgh, Pa. 


Despite the availabiliU^ of the simpler, 
direct colorimetric methods for the determina- 
tion of small amounts of inorganic phosphate 
in biological materials, gravimetric methods, 
by reason of their greater precision and accu- 
racy, have continued to find some application. 
Two precipitates that have been employed for 
quantities of phosphate too small for the mag- 
nesium ammonium phosphate method are the 
ammonium and strychnine salts of pbospho- 


molybdic acid. The strychnine phospho- 
molybdate appears to have gained wider 
preference; its advantages over the ammonium 
salts have been summarized by Peters and 
Van Slyke^ as follows: (1) the weight of the 
precipitate is greater, for per 1 mg of P the 

1 Peters, J. P., and Tan SJyke, D. D., Quantita- 
tive Clinical Chemistry, Vol. II, Metliods, pp. 849, 
873, Baltimore, Tlio Williams and Wilkins Co., 
1932. 



\'iTAL Dyes and Amphibian Development 


565 


as 0.QW3. 

Results. Table I lists the results of inor- 
ganic phosphate determinations of 13 different 
samples of dog plasma and 13 different sam- 
ples of human urine carried out bj- the pro- 
posed method, as compared with duplicate 
determinations performed simultaneoush- on 
the same specimens by the Embden-Fetter 
strychnine-phosphomolybdate method. Sta- 
tistical treatment of these values by the 
application of the t distribution indicated no 
significant difference between the results ob- 
tained. 

In the analysis of whole blood, correlation 
of the results obtained by the two methods 
on a given sample is good provided that 
filtration of the precipitate is performed 
prompth’ at the conclusion of the one-hour 


period of standing recommended. However, 
when this time of standing is prolonged, 
hydrolj'sis of organic phosphate appears to 
take place more extensively in the str 3 -chnine- 
precipitated sample and to make the results 
from this procedure high as compared with 
those from the other. 

Sttmviary. method is described for the 
precipitation of phosphate phosphorus as a 
barium-poh'gl^'col-phosphomolv'bdate comple.x 
which ma\' be filtered and dried to constant 
weight at 100“-110^. Evidence is presented 
to show the applicabilitt'^ of this reaction to 
phosphate determinations on biological mate- 
rials, and a comparison is made of this pro- 
cedure with the str 3 'chnine phosphomolybdate 
(Embden-Fetter) method. 
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Anita Zorzoli.* (Introduced by Roberts Rugh.) 

From the Deportment of Dintoon, JVashinffton Sqiiore College of Arts and Seience. Xeie Vorl: 

r nircrsiiii. 


.A. vital dv'e ma\’ be used to stain different 
cells and regions of eggs and embr3-03. To 
be successfully emplo 3 'ed in this fashion, the 
dye should be “non-to-xic and harmless so as 
not to destro 3 ^ on even impair the vital activi- 
ties and embryonic performance of its car- 
rier” (Weiss’). However, it has been shown 
b 3 ‘ Child and his co-workers," in the work on 
the occurrence of physiological gradients, that 
so-called “vital" d 3 "es, especialh' the basic 
ones, can be quite toxic. Determination of 
the conditions under which vital staining of 
eggs and embryos can be successfully accom- 

* Present address, Department of Bioclienusti’r 
•'ind Physiolog}', AVasliington University Seliool of 
Pentistiy, St. Louis, Mo. Submitted in partial ful- 
fillment of the requirements for the degree of Doc- 
tor of Philosoplo*. 

llVeiss, P., Principles of Development, 1939, 
Henry Holt and Co., New Tork. 

- Child, C. M., Patterns and Problems of Devel- 
opment, 1941, The University of Chic.ago Press. 


plished is of interest. The general effects of 
two basic dy'es, Nile Blue Sulfate and Neutral 
Red. were studied 63 ^ Detwiler® in Ambl 3 '’- 
stoma embr 3 -os. Gersch'’ and Gersh and Ries'’ 
in their work on sea-urchin eggs, found that 
different concentrations of the acid d 3 ’’e, 
Tr 3 pan Blue, caused severe developmental 
anomalies. Inhibition of mitosis was shown 
to occur in the larvie of Triton taeniatus after 
a one- to two-hour exposure to certain con- 
centrations of Neutral Red (Luther®). How- 
ever, Uschin” who studied the same problem 
in R. temporaria tadpoles found no dye 
effects on mitosis. 

In view of the frequency with which the 

SDetiviler, S. B., Anal. Sec., 1917, 13, 493. 

4 Gersch, M., Areh. Entw. ileeh., 1937, 136, 210. 

3 Gcrsch, M., .and Hies, E., Arch. Entw. ZIecJi., 
1937, 137, 169. 

0 Luther, W, Klin. TToch., 1939, 18, 682. 

" Uschin, N. P., Arch. f. Exp. Zcllforsch., 1931, 

11 , 472 . 



564 


Gravimetric Determination of Inorganic Phosphate 


■TABLE I. 


Comparison of Pliospliate Determinations on Kandom Samples of Plasma and Urine Performed 
bj- the Kefcrenee !Metliod and Duplicated by tlie Proposed Jletliod. 




Phosphate P per 100 ml 



Plasma 

Urine 




f 

1 


Stn-clinine 

Polygh-eol 

Stiyclininc 

Polyglycol 

S.nmple ISTo. 

mg 

mg 

mg 

mg 

1 

5.15 

5.30 

79.14 

80.55 

o 

3.72 

• 3.72 

115.12 

117.52 

3 

4.37 

4.15 

4.07 

4.02 

4 

3.52 

3.44 

09.41 

08.91 

5 

4.44 

4.64 

27.42 

28.02 

G 

3.52 

3.52 

50.49 

57.00 

7 

3.5G 

3.52 

169.83 . 

172.21 

s 

2.S2 

3.0S 

32.08 

32.14 

9 

3.78 ■ 

3.60 

70.71 

71.07 

10 

2.90 

2.84 

109.07 

109.18 

11 

3.3S 

3.52 

29.85 

30.38 

12 

2.90 

3.04 

77.26 

79.00 

13 

4.G8 

4.92 

80.02 

85.49 

Mean 

3.75 

3.80 

71.31 

71.96 


with occasional shaking to complete the pre- 
cipitation. The precipitate is then filtered in 
a small Gooch crucible previously dried at 
110°, cooled in a desiccator, and tared. It is 
important to use only gentle suction during 
filtration. Particles of the precipitate which 
adhere to the container are rinsed into the 
crucible with 25 ml of ice-cold, diluted (1:5) 
molybdate solution. The precipitate is then 
washed with ice-cold water until the washings 
are no longer acid. During the washing, as 
soon as one portion of fluid has been drawn 
through the crucible another portion is added 
or else the suction is stopped, to prevent the 
precipitate from becoming divided by cracks 
through which subsequent portions of wash 
water can run with little contact with the 
precipitate. The crucible is dried for an hour 
at 100=-110=, cooled in a desiccator, and 


,veighed. 

fB) For Urine. Five ml of urine, well 
mixed to suspend any insoluble phosphates, 
ire measured into a SO ml volumetric flask 
together with 10 ml of water and 25 ml of 
10% trichloracetic acid. Five ml of a 10% 
solution of barium chloride are then added 
dropwise, and the flask is allowed to stand 
undisturbed for one-half hour. At the end of 
this time the contents are shaken and made 
up . to the mark with water. The barium 
sulfate precipitate, together with any coagu- 


him in the flask, is separated by filtration, 
or by centrifugation if necessary, and an 
aliquot of the clear filtrate (usually 10 to 
20 ml depending upon phosphate content) is 
diluted to 60 ml with water, 5 ml more of the 
barium chloride solution are added, and the 
rest of the determination is carried out as 
described above for blood. 

(C) Determination oj gravimetric jactor. 
Just as in the case of the strychnine precipi- 
tate, each analyst should determine for himself 
the factor indicating the mg of P per mg of 

barium-polyglycol-phosphomolybdate precipi- 
tate. It has been found that different prepara- 
tions of strychnine may give different weights 
of precipitate per mg of P, and it may be 
assumed that less homogeneous polyglycok 
will show some limited variation in this 
respect, although samples from 2 different 
production batches tested in this work gave 
identical results. For determination of this 
factor, a standard phosphate solution contain- 
ing 0.4395 g/1 of thoroughly dried reagent 
grade KHnPOi was prepared. Aliquots con- 
taining 0.5 to 1.5 mg of P (5 ml to IS ml of 
solution) were measured from a certified 
buret, diluted to 60 ml with water, 5 ml of 
barium chloride solution were added, and the 
phosphate was precipitated and weighed in 
the manner described. From a senes of 15 
trials the gravimetric factor was calculated 
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TABLE II. 

i'ifti’oii Hours Exposure to Nile Blue .Sulfato. 


‘T showing anv Vj survirjng 


Hr nfter 
fcrtiliz.-ition 
when iinn\erse4 

Stage Xo. and dcseription Be-seription ;it 
at time of immersion rime of remor.il. 

routrol and experimental Control .iiid exper. 

abnormalit.v 

tliroiigli St, 25 

1:1.511.000 

1:100,000 

1:150,000 

1:100,000 

1 

2 — grey crescent 

niifl-elcarage 

0 

2-0 

07 

71 

C) 

(■ — cells 

• * f f 

c, 

25 

9S 

81 

22 

9 — late cleavage 

inid-gastrula 

4S 

Si 

62 

33 


in — dor.s.il lip 

late ” 

17 

79 

7S 

28 

39 

11 — mid-gastrnla 

early neural plate 

1 

SO 

9S 

75 

45JS 

12 — late ga.striila 

** *’ foMs 

(1 

76 

08 

72 

(53 

1-4 — neural folds 

iK’nr;il tiil>e 

0 

3 

100 

97 


the dye accumulating within the cells reached 
a concentration incompatible with normal 
development, eggs immersed at the 2-cell 
stage, were allowed to remain for graded 
lengths of time, 3, 6, 12, IS, 24, 36, 48. 67 
hours, and then were transferred to fresh 
spring water for further growth and develop- 
ment. .A summary of the maximum e.xposure 
to different concentrations which did not inter- 
fere with normal development is given in 
Table I, 

A result which might be due to a delayed 
effect of exposure to the dyes was obseix’ed in 
this series. Eggs e.xposed for short periods of 
time to the stronger concentrations developed 
normally while in the dye solutions and also 
for some time after removal to fresh medium, 
but then suddenly became abnormal at the 
time of gastrulation. For example, eggs 
which were exposed to I; 50,000 Nile Blue 
Sulfate from the 2 -cell stage to a many-cell 
stage (a 6-hour exposure) developed normalh' 
through this period and for approximately 18 
additional hours in fresh spring water. .At the 
end of these IS hours the eggs reached the 
dorsal lip stage and the -abnormalities already 
described began to manifest themselves. 

III. Effect of stage of development on 
results of exposure to dyes. Since the first 
obserx'ations indicated a great sensitivity of 
gastrular stages, a separate study was made 
of the influence of developmental stage on the 
results. Eggs were exposed to different con- 
centrations of Xile Blue Sulfate for 15 hours 
while at different stages of development. In 
Table II are given the number of hours after 
fertilization and a description of the develop- 
ment at the time of e.xposure and removal 
from the dye solutions. 


Of all the concentrations used, 1:100,000 
and 1:150.000 were found to be critical for 
a demonstration of the phase susceptibility 
(Table II. columns 4, 5. 6, 7). Exposure 
starting at least one hour before the first 
cleavage did not delay the onset of division 
or affect the rate or character of the follow- 
ing divisions. -Any departures from the 
normal occurred at gastrulation, long after 
removal from the d\-e. The results w'ere 
similar for eggs e.xposed at 6 hours after 
fertilization (st. 6). Starting at st. 9 an 
increase in the sensitivity of the eggs was 
noted as indicated by a rise in the percentage 
of eggs showing abnormalities as compared 
with the st. 2 and st. 6 eggs. In a concen- 
tration of 1:150,000, the percentage of cases 
of abnormality decreased in stages II and 
12. In the higher concentrations of 1:100,- 
000 where it is quite likely that the rate of 
penetration of d\ e per unit time was higher, 
the percentage of abnormalitj- remained 
large. Nevertheless, the decrease in sus- 
ceptibility' was demonstrable, since the ab- 
normalities produced were less severe and a 
higher percentage of sutvdval resulted. Of 
the eggs e,xposed at st. 11 and st. 12, 75 and 
72fc respectively were able to survive to 
st. 25 ( the endpoint of the experiment) while 
of (he eggs e.xposed at st. 9 and st. 10 to 
the same concentration for the same length 
of time only' 33 and 2S% respectively' reached 
the same point. No effect on development 
was noted when e.xposure was made at st. 14. 

Thus it would seem that in the develop- 
ment of eggs through the neurula stage, late 
cleavage and dorsal lip stage (st. 9 and st. 10), 
were the most sensitive to the presence of 
dym since e.xposure at these times produced 
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Eggs of the leopard frog, Rana pipiem, are 
used in experimental embryoiogj’’ studies, an 
investigation of their response to exposure 
to vital dyes under different conditions seemed 
of practical importance. 

Materials and Methods. The dyes used 
were Nile Blue Sulfate, Neutral Red and 
Bismark Brown. Fresh stock solutions con- 
taining 100 mg of commercial dyef in 1000 cc 
of solvent (spring waterl) were prepared 
before each experiment and diluted as re- 
quired. Eggs of R. pipiem (Vermont stock) 
were obtained in the laboratory by the method 
of induced ovulation and fertilization de- 
scribed by Rugh® and were allow’ed to 
develop in finger bowls containing 200 cc of 
solution; between 20 and 30 eggs per bowl. 
A total of 2050 eggs were used. Throughout 
the course of the experiments, the eggs were 
studied for both character and rate of devel- 
opment. This was recorded in terms of stages 
of normal development of R. pipiens as 
described by Shumway.® 

Observations. I. Concentration, Eggs 
were placed in dye solutions of different con- 
centrations ranging from 1:10,000 to 
1:1,000,000 while in the 2'Cell stage (st. 3) 
and were allowed to develop therein up to 
the complete operculum stage (st. 25). For 
each dye it was possible to determine a “crit- 
ical” concentration below which development 
was completely normal and above which 
abnormalities and lethal effects began to ap- 
pear. This critical point varied with each 
dye, being lowest with Nile Blue Sulfate 
( 1 : 750,000) , considerably higher with Neutral 
Red (1:250,000) and just slightly higher with 
Bismark Brown (1:100,000). 

Developmental abnormalities produced by 
e.xposure to concentrations above tlie critical 
levels were of the same nature for each of the 
dves. A direct correlation between concen- 
tration and time of appearance of the abnor- 
malities seemed to exist; the stronger the 

{ Obtained from tlie National Aniline and Clicm- 
ieal Company, R.T. 

j Purchased from tlie Great Bear Spring Com- 


pany, N.Y. 

SKugli yi,ExperimvnUil Embryology, A Mrtiittal 

of tochniqne^ md Procedures, 19i2,^ New York 
Cniyersity Bookstore, Now 

oShimuvay, W., Anat. Bee., 1940. -8, 139. 


concentration the sooner development became 
abnormal, up to a certain point. However, 
even with the strongest concentrations used, 
1 : 10,000 (below this point the eggs became 
so heavily stained that it was impossible to 
see the cleavage furrows) cleavage was always 
normal in both character and rate. 

The gastrulation stages, beginning with the 
appearance of the dorsal lip of the blastopore 
(st. 10) were the first stages in which an effect 
on development could be noted. In many 
instances development stopped entirely imme- 
diately after the formation of the dorsal lip; 
in others, development continued but in an 
abnormal fashion. The effect seemed to be 
one which involved an interference with the 
groivth of the cells of the animal hemisphere 
over the large yolk-laden cells of the vegetal 
hemisphere. Consequently masses of yolk 
material remained exposed. 

All embryos with e.xposed yolk material 
which survived beyond gastrulation showed 
imperfect neurulation. This consisted of an 
interference with either the formation or the 
closure of the neural folds. In most cases 
neural folds could form in the anterior region, 
and therefore the state of development found 
in that region was used as a basis for the 
classification of the embryos into stages. All 
degrees of abnormalities were found from the 
cases in which the entire dorsal region of the 
embryo was occupied by yolk materia! to 
those in which only a small yolk plug blocked 
the closure of the neural folds in the posterior 
region. 

II. Timed e.xposure to vital dyes. In order 
to determine, for each concentration, when 

TABLE I. 

For encli concyntratiou is giycu tlie length of 
oxjiosure in liours wliicli did not interfere with 
norin.-il development. Eggs exintsctt at stage 3 .and 
maintained at 19 ± 1.3°C. (220 hours represent the 
time needed to reach st. 25, the cud point of these 
experiments ) . 


Concentration 
X 1000 

Nile blue 
suif.ate 

Neutral 

red 

Bismark 

broivu 

1:25 



<3 

90 

1:50 

<3 

0 

ISO 

1:75 



12 



1:100 

12 

72 

175 

1:S50 

24 

220 

220 = 

l-oOO 

110 

220 

220 


375 

220 

220 

1:1,000 

220 

220 

220 
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6. The pH of the medium was shown to 
influence the toxicity effects. 

7. When Nile Blue Sulfate, Neutral Red 
and Bismark Brown are used as vital dyes, 
the factors of concentration, length of ex- 


posure and stage of development must be 
considered to avoid induced abnormalities in 
development, most of which begin at the 
time of gastrulation. 
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A Method for Producing Experimental Venous Thrombosis.^ 


Edward Hirsch and Leo Loewe. (Introduced by B. Kramer.) 
(With the technical assistance of Florence Kashdan.) 

From the ThrovihormhoUc Di.^eosr Cait, Jewi.sh nospiial of Broolclyn, X.T. 


In our attempts to study the genesis and 
functional pathology of intravascular throm- 
bosis. and to determine the in vivo action of 
heparin on preformed clot, it was found neces- 
sary to devise a method of experimental clot 
formation in animals which produced con- 
sistent, predictable results. This report deals 
briefly with such a method successfully em- 
ployed in rabbits. 

E.xperimental venous thrombosis has hither- 
to been accomplished by chemical and me- 
chanical means.^"* The introduction of an 
e.xtraneous factor in chemically-induced 
thrombosis unnecessarily complicates the 
proper evaluation of the effect of heparin. 
-Accordingly, mechanical methods of induc- 
ing thrombosis are preferable. A'ein crush- 
ing over an intraluminal silk thread.^ al- 
though reported to be 80% successful, did 
not give us consistently good results. Similar- 


* Aitied Tjy .a grant from tlic Willi.Tin R. Warner 
& Co., Inc., New York. 

iZatin, R. W., Virchow’s Arch. f. paiJi. Anat., 
1S75, 02, 81; ihid., *1884, 90, 1. 

-Ebcrth, .T. C., and Scliimmelbiiscli, C., Virchow’s 
■:lrch. f. path. Anal., 1886, 103, 39; ibid., 1886, 
105, 456. 

^Wclcli, W. H., Papers and Addresses, Vol. 1, 
P. 110, Baltimore, 1920, Johns Hopkins Press. 

Zurholle, E., Zcigler’s Beilr. c. path. Anat. ii. c. 
oUp. Path., 1910, 47, 539. 

Wurrav, D. W. G., Jaqiics, L. B., Perrett, T. S., 
•md Best, C. H., Surgertj, 1937, 3, 163. 


ly. we found stretching of the vein to induce 
intimal damage” successful in onh^ 20% of 
instances. 

The elaboration of a thrombus depends 
on (a) stagnation of blood, (b) injury to 
the intima, (c) local release of considerable 
amounts of thrombokinase. A method utiliz- 
ing these 3 factors is herewith described. 
Three kilogram adult rabbits are anesthetized 
with ether and a midline cervical incision 
is made. The jugular veins on either side 
are exposed. Both veins are treated alike. 
A 3-cm segment of vein is dissected free 
and the most proximal portion securely tied 
with a silk ligature. A flat, narrow strip 
of metal, such as a ribbon retractor, is placed 
under the vein distal to the ligature and acts 
as an anvil. The vein is then given 15 to 
30 sharp taps with the handle of a Mayo 
scissors. Brisk bleeding will occur which is 
readily controlled by gauze pressure. Care is 
taken not to fracture the vein completely 
across. AVhen bleeding has ceased, usually 
in about 2 minutes, a palpable and visible 
thrombus appears. If clotting does not oc- 
cur, the procedure is again repeated. Clot- 
ting invariably is present after the second 
series of strokes. All animals are reexam- 
ined after 4S hours to reaffirm the presence 
of clots. Examination and study of these 
clots, in the gross and in microscopic sec- 

0 Rabinoviteli, J., .and Pines, B., Surgery, 1943, 
14 , 669. 
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the largest number of abnormalities and the 
poorest survival. The question is raised as 
to whether the high sensitivity seen at st. 9 
might not have been due to the fact that 
in the 15-hour period of exposure, tlie eggs 
developed through st. 10 while still in the 
dye. 

I\'. Effect of hydrogen ion concentration. 
The pH of the dye solutions used was found 
to vary from pH 6.S-6.9 at the lime of 
preparation and to change within a period 
of 24 hours to pH 7. 3-7 .4 (probably due 
to the alkalinity of the glassware used). 
Therefore, dye solutions buffered to different 
pHs from pH 4.5 to pH 8.5 were prepared 
and the staining results compared with those 
of the unbuffered solutions. It was found 
that even at high concentrations develop- 
ment proceeded normally through st. 25 in 
the most add solutions and that the larr^ae 
were only very faintly stained even after 
long periods. At pH 6.3 to 8.5 the effects 
were the same as have been described for 
the unbuffered solutions and also the larvae 
were all very heavily stained. This agrees 
substantially with the observations of Mac- 
Arthur^** on the staining of Plamria doroto- 
ccphala with basic dyes and also with the 
work of Chambers, Invin and others^’- on 
the effects of pH on the penetration of dyes 
into unicellular forms. The phenomenon can 
be e.xplained either on the basis of the dis- 
sociation of the dyes or on the basis of the 
effect of pH on the particle size (Gordon & 
Chambers) P 

Discussion. It has been shown that un- 
less the concentration used, the length of ex- 
posure, the stage of development of the eggs, 
and the hydrogen ion concentration are care- 
fully considered, exposure of the eggs of R. 
pipicns to solutions of vital dyes, Nile Blue 
Sulfate, Neutral Red and Bismark Brown, 
may result in abnormal development. This 
is especially true when the early cleavage 

10 YlacArttur, *T. tV., Avx. J. Physiol. f 1921, 04 , 


OuU. 

11 See review of Davson, H., and Danielli, J. F., 
PccxiiCohiHiy of ISoturGl HeTuhnsiicSf 1943, 


CnmUriilge Umversity Press. „ , r. h 

12 Gordon, H. K., and Chambers, B., J. Cell. 
Comp. Physiol, Wil, IT, 9/. 


stages are used because although cleavage 
itself remains unaffected the stages which 
follow are severely damaged. 

Nile Blue Sulfate produces good staining 
but must be used in very low concentrations. 
Neutral Red is considerably less to.xic and 
Bismark Brown is even less so. .As far as 
could be determined here, there is no dif- 
ference in the affinity of the 3 dyes for the 
eggs used. All 3 can readily be seen in fixed 
sections and also in the living state even 
though the eggs of R. pipicns contain a large 
amount of dark pigment which has a tendency 
to mask the color somewhat. These facts 
would seem to indicate the advisability of 
using Neutral Red and Bismark Brown in 
experiments which involve the staining of 
entire eggs and embryos. The best staining 
results are obtained by long e.xposures to 
weak concentrations rather than by short 
e.xposures to strong concentrations. Better 
results are also produced if the eggs are e.x- 
posed to the dyes without removal, of the 
jelly capsule. This was also noted by Det- 
wiler’ for the eggs of Amblystoma. The 
color produced is uniform throughout the 
eggs, and the ectoderm is perfectly normal. 

Summary. 1. Eggs of Rana pipicns were 
exposed to solutions of the vital dyes Nile 
Blue Sulfate, Neutral Red and Bismark 
Brown under different conditions. Concen- 
trations less than the following allowed nor- 
mal development of eggs and embryos; Nile 
Blue Sulfate 1:750,000; Neutral Red 1:250,- 
000; Bismark Brown 1:100,000. 

2. Developmental abnormalities appeared 
with use of stronger concentrations than listed 
above. 

3. Early cleavage was unaffected by other- 
wise toxic concentrations even to 1:10,000. 
Gastrulation proved to be the critical point 
in development when toxic effects of the dyes 
began to produce abnormalities. 

4. Short exposure to toxic concentrations, 
even during unaffected cleavage, resulted in 
abnormalities appearing at subsequent stages 
of development. 

5. Developmental stages 9 and 10 were 
more susceptible to toxic effects than were 
stages 2, 6, 11, 12, 14 using Nile Blue Sulfate 
of 1:100,000 and 1:150,000 concentrations. 
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tion,t reveals that they differ in no way 
from the spontaneous in vivo clot seen in 
aseptic thrombophlebitis. The progressive 
morphologic changes leading to organization 
and recanalization are also similar to spon- 

t AVe wisli to tliank Dr. D.nvid At, Gr.ayzcl for 
]iis hitcrprctatioii of tlie microscopic sections. 


taneous in vivo clots (Fig. 1, 2, 3, 4). In 
the last 140 veins, the procedure has been 
successful in every case. 

Coitclnsion. .‘^n easily controlled, readily 
available method of experimental clot pro- 
duction is described. It has been uniformly 
successful in our hands. 
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Viscosity of Normal Human Synovial Fluid. 


Charles Ragan. (Introduced by W. W. Palmer.) 

(With technical assistance of .Audrey F. Grubin.) 

From the Frhrord Dfinicls Fnttlhncr Arthritis Clinic of the Prcsht/tcrinn Hospital and the' 
Department of Hcdieinc, CoUepe of Physicians and Snrpcons^ Columhia Vniversity, Few Tori. 


Synovial fluid is a viscous solution con- 
taining a longchain mucopolysaccharide (hy- 
aluronic acid), protein and electrolytes.' The 
relative viscositj' of such fluid is related to 
the amount of hyaluronic acid present-"* and 
to the state of polymerization and aggrega- 
tion of the polysaccharide.'* When joint fluid 
is incubated with an hyaluronidase,''* the 
viscosity approaches but does not quite reach 
the viscosity of wafer.® The slight residual 
increase in viscosity may be due to the pro- 
teins present which are unaffected by purified 
preparations of hyaluronidase. (Isolated 
pure hyaluronic acid never attains the high 
viscosity found in native (human or animal) 
synovial fluids, presumably because the pro- 
cedures used in isolation disaggregate the 
polysaccharide as it occurs in the native 
form.® The human knee joint is functionally 
far different from the 4-legged animal’s 
astragalo-tibial joint from which most speci- 
mens of so-called normal joint fluid have 

1 Hcsselvik, L., Acta Med. Scand., 1940, 105, 153. 

- Meyer, IC, and Palmer, J. IV., J. Biol. Chem., 
193C, 114, 089. 

3 Meyer, K., Smyth, E. M., and Dan-son, M. H., 
J. Biol Chem., 1939, 128, 319. 

4 Meyer, K., and Cliafifee, E., J. Biol. Chem., 
1940, 133, 83. 

0 Meyer, K., personal communication. 

0 Meyer, K., Chaffee, B,, Hobby, G. L., and 
Dawson, M. H., J. Fxp. Med., 1941, 73, 309. 


been obtained.'’’’’ It seemed of interest to 
determine, if possible, the characteristics of 
normal human synovial fluid, to compare 
with pathological fluids which can readily be 
obtained in large quantitj*. Reports on the 
viscosity of normal human s3movial fluid 
have yielded wide variations and the tech- 
nics of viscosimetry are open to some criti- 
cism.®-® IA*hen an apparently normal human 
knee joint is tr -.ped at the postmortem ta- 
ble. one can rarely withdraw more than 1 or 2 
cc of joint fluid. Thus, 2 to 4 cc of human 
knee joint synovial fluid can be obtained 
from the 2 knees of an individual, which is 
less than the capacity of the standard S cc 
Ostwald viscosimeter. On casual inspection, 
it was found that the fluid obtained was very 
viscous, and it was probable that a viscos- 
imeter of less than S cc capacity ivould give 
an inaccurate reading with such viscous ma- 
terial. 

Methods. Viscosities were measured in 
5 cc Ostwald viscosimeters in a water bath 
at temperature of 21° i 1°C. Total pro- 
teins were determined wath a gradient tube 
method.*® In this laboratory, it has been 

r Hopes, M. W.. Bennett, G. A., .nul B.-iucr, W., 
J. Clin. Invest., 1939, 18, 351. 

SKIing, D. H., Arch. Surp., 1931, 23, 543. 

9 Sclmcitler, J., Biochem. Z., 1925, 100, 325. 

10 Lowry, 0. H., anil Hunter, T. H., J. Biol. 
Chem., 1945, 150, 465. 
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found that the gradient method has a good 
correlation with the Howe method in esti- 
mation of protein content of synovial fluid. 
It has also been shown that the specific gravi- 
ty of a 1% solution of purified sodium hy- 
aluronate* is below the scale of the gradient 
method employed and does not materially af- 
fect specific gravity estimation of sjmovial 
fluid protein. 

Eight pathological joint fluids of varying 
viscosity were diluted with 0.9% sodium 
chloride^ the relative viscosity at each dilu- 
tion ^\•as plotted against dilution and curves 
n-ere drawn (Fig. 1). It can be seen that 
the fluids with a very high initial viscosity 
show an abrupt fall on minimal dilution with 

Relative 

VISCOSITY 

XHjO 



Fig. 1. 

^ui‘ve5' of rointivc viscosity obtained by dilution of 
‘S ]>:iiliological ,ioint fluids ivitb 0,9% XaCl. 


Obtained tbrongii the courtesy of Dr, K, Meyer. 
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tion,t reveals that they differ in no way 
from the spontaneous in vivo clot seen in 
aseptic thrombophlebitis. The progressive 
morphologic changes leading to organization 
and recanalization are also similar to spon- 

t We vish to thank Dr. David IT. Gr.ayzel for 
his interpretation of the microseopie sections. 


taneous in vivo clots (Fig. 1, 2, 3, 4). In 
'the last 140 veins, the procedure has been 
successful in every case. 

Conclusion. An easily controlled, readily 
available method of e.xperimental clot pro- 
duction is described. It has been uniformly 
successful in our hands. 
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(With technical assistance of Audrey F. Grubin.) 

From the Fdxmrd Danids FauU:ner Arthritis Clinic o/ the Preshj/terian Hospital and the 
Department of Hedicinc, College of Physicians and Surgeons, Cohimhia University, Feta Tori-. 


Synovial fluid is a viscous solution con- 
taining a longchain mucopol 3 'saccharide (hw- 
aluronic acid), protein and electrolytes.^ The 
relative viscosity of such fluid is related to 
the amount of hj'aluronic acid present-"* and 
to the state of polymerization and aggrega- 
tion of the polysaccharide.® When joint fluid 
is incubated with an hv'aluronidase,® the 
viscosiW approaches but does not quite reach 
the viscosity of water.® The slight residual 
increase in viscosity maj'’ be due to the pro- 
teins present which are unaffected by purified 
preparations of hj'aluronidase. (Isolated 
pure hj^aluronic acid never attains the high 
viscosity found in native (human or animal) 
synovial fluids, presumably because the pro- 
cedures used in isolation disaggregate the 
polysaccharide as it occurs in the native 
form.® The human knee joint is functionally 
far different from the 4-legged animal’s 
astragalo-tibial joint from which most speci- 
mens of so-called normal joint fluid have 

1 Hesselvik, L., Acta Med. Scand., 1940, 105, 153. 

- Meyer, K., .and P.almer, J. W., J. Biol. Chem., 
193G, 114, 689. 

3 Meyer, K., Smytli, E. M., and Dawson, M. H., 
J. Biol. Chem., 1939, 128, 319. 

4 Meyer, K., and CIiaGPee, E., J. Biol. Chem., 
1940, 133, 83. 

5 Meyer, K., personal communication. 

0 Meyer, K., Chaffee, E., Hobby, G. L., and 
Dawson, M. H., J. Beep. Med., 1941, <3, 309. 


been obtained.®'" It seemed of interest to 
determine, if possible, the characteristics of 
normal human synovial fluid, to compare 
with pathological fluids which can readily be 
obtained in large quantitjL Reports on the 
viscosity of normal human synovial fluid 
have yielded wide variations and the tech- 
nics of viscosimetry are open to some criti- 
cism.®’® V’hen an apparently normal human 
knee joint is tr-ped at the postmortem ta- 
ble, one can rarely withdraw more than 1 or 2 
cc of joint fluid. Thus, 2 to 4 cc of human 
knee joint synovial fluid can be obtained 
from the 2 knees of an individual, which is 
less than the capacity of the standard 5 cc 
Ostwald viscosimeter. On casual inspection, 
it was found that the fluid obtained was ver}"- 
viscous, and it was probable that a viscos- 
imeter of less than 5 cc capacity would give 
an inaccurate reading with such viscous ma- 
terial. 

Methods. Viscosities were measured in 
5 cc Ostwald viscosimeters in a water bath 
at temperature of 21° ± 1°C. Total pro- 
teins were determined with a gradient tube 
method.*® In this laboratory, it has been 

- Hopes, M. W., Bennett, G. A., and Bauer, W., 

J. Clin. Invest., 1939, 18, 351. 

SKIing, D. H., Arch. Stirg., 1931, 23, 543. 

» Schneider, J., Biochem. Z., 1925, 160, 325. 

10 Lowry, 0. H., and Hunter, T. H., J. Biol. 
Chem., 1945, 159, 465. 
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due to one of two factors or to both, (a) dilu- merization or dissociation of a highly 
tion with extracellular water, (b) depoly- polymerized hyaluronic acid by hyaluronidase. 
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Inactivation of Poliomyelitis Virus in Relation to Gastric and Intestinal 

Digestion.*' 


Harold K. Faber and Luther Dong. 

From the Dci’nrtmeiil of Prdintriex, Slntifortl UnirerxHil School of Medicine, San Franeixco. 

Calif. 


Whether or to what extent gastric and in- 
testinal digestion inactivates poliomyelitis 
virus is a problem that has an important 
bearing on intestinal entry of infection and 
on the source of virus in the intestinal con- 
tents and stools. This problem has not been 
studied as closelj' as might be desired in its 
relation to the conditions of normal diges- 
tion, although such studies as are available 
indicate that the virus displays a considera- 
ble degree of resistance to inactivation in 
the gastrointestinal tract. Thus. Flexner. 
Clark and Dochez' found active virus in the 
intestine 2 hours after administration by 
stomach tube; and by the same method of 
administration Clark, Schindler and Pres- 
ton;- Clark, Roberts and Preston;” and 
Levaditi, Kling and Lepine^ found active 
virus in the stools within 48 hours. The ef- 
fects of H-ion concentration upon virus in 
the range with which we are here concerned 
has been studied by Coring and Schwerdt’’ 
but their experiments were limited to periods 
of 1-2 hours and were done at room tempera- 
ture. So far as we know no studies on the 

* Aided by .a grant from the National Founda- 
tion for Infantile Paralysis, Inc. 

t Flexner, S,, Clark, P. F., and Doeliez, A. K., 
J. -iJa. Med. As.xn., 1012, o9, 273. 

e Clark, P. F., Sehindlcr, J., and Roberts, D. J., 
J. Fact., 1030, 20, 213. 

3 Clark, P. F., Roberts, 11. ,1., and Preston, tV. S., 
Jr., J. Free. Med., 1032, «, 47. 

•t Levaditi, C., Kling, C., and LeRinc, P., Bull. 
Arad. .Med., 1031, s. 3, 105, 100. 

■' Loring, II. S., and Seliwerdt, C. E., Pr.oc. Soc. 
Ext’. Btoi., .txi) MF.n., 1044, 57, 173. 


inactivating effects of individual digestive en- 
zymes on poliomyelitis virus have been re- 
corded. 

In the present experiments the test condi- 
tions were intended to approximate those ob- 
taining in the human stomach in respect to 
temperature, time, pH range, and presence 
of pepsin. In children over one year of age 
(the group most susceptible to poliomyelitis). 
Cutter*"' has shown that the fasting gastric 
contents 10 minutes after stimulation with 
histamine display an average acidity of pH 
1.5 and occasionally reach pH 1.2. In young 
adults, the level is pH 1.0-1. 2.' Hammon and 
Izumi'* showed that poliomyelitis virus is not 
inactivated at levels of pH 4.0 and up. Gas- 
tric evacuation begins a few minutes after 
ingestion.” .^t 4 hours, after ingestion of 
various types of food, the stomach is nearly 
empty.” On the basis of such data, we have 
selected for our studies a range of pH 1. 0-4.0 
and exposure periods of 5 minutes to 4 hours. 
-■Ml observations were made at 37 °C, or ap- 
proximate body temperature. 

The Lansing (.Armstrong) mouse-adapted 
strain of poliomyelitis virus was used. Stock 
10% and 20% suspensions of infected mouse 
cord in physiological NaCl solution were 
clarified at 18,000 r.p.m. for yi hour, then 

c Cutter, R. D., J. Pediat., 103S, 12, 1. 

r Helmcr. O. M., .iiul Fonts, P. .1., Am. J. Clin. 
Path., 1937, 7, Tceli. Suppl., 41. 

s Iljniimon, IV. D., .‘iiul Izumi, E. M., Pitoc. Soc. 
Exe. Biol. .\xd Med., 1941, 48, 579. 

» Best. C. H., .^lut T.iylor, N. B., The Phiisio- 
loi/icnl Ua.xi.v of Medical Practice, 3rcl Ell.. 1943, 
Baltiiimie, The IVilliains ami IVHkiiis Co. 
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TABLE II. 


Tlie Rflative Viscosity and Total Protein Content of Pathological .loint Flnids. 


Pt. 

Diagnosis 

Knee .joint 

Amt removed 
ee 

Eelatiyc 

viscosity 

Total 

protein 

R.E 

Blieuin.ntoid .arthritis — old 

right 

300 

175 

4.8 

E. O’T. 

” ” — earlv 

> f 

20 

0.8 

4.2 

L.S. 

Torn medial meniscus 

left 

15 


4.6 

II.T. 

Elieumatoid arthritis — old 

right 

00 

' 48.2 

o.fi 

H.F. 

y < J J 

J f 

40 

10.8 

4.S 

r.R. 

" ” —early 

} i 

20 

5.G 

8.4 

5.9 

T.B. 

Gonococcal arthritis 

1 » 

20 

4.4 

A.X. 

Arthritis one knee assoc, with 
lymphogranuloma inguinale 

J ) 

75 

40.5 

4.4 

G.X. 

Intermittent hydrarthrosis 

left 

40 

11.2 


tr.p. 

Gonococcal arthritis — old 

y y 

40 

8.8 

G.O 


an elliptical type of curve. This type curve 
may be superimposed on the dilution curve 
for pleural fluid reported by Meyer.'* 

It has been possible to approximate the 
viscosity of normal joint fluid by dilution 
and extrapolation on these curves This has 
been done by dilution with 0.9% NaCl and 
extrapolation on the curves in Fig. 1 (Table 
I). In normal joints, one factor which is 
verv important is the amount of fluid which 
can be obtained at tapping. In this small 
series this seems to be directly related to 
the amount of peripheral edema present and 
thus the joint space can be looked upon, as 
Bauer“ has felt, as an extracellular space.! 
Where no more than 5 cc was obtained on 
tapping both knees, the viscosity of the joint 
fluid was greater than or equal to the viscosi- 
ty of our most viscous pathological joint fluid. 
In 2 instances, with rightsided heart failure 
and marked pretibial edema, but with ap- 
parently normal knee joints, a larger amount 
was withdrawn from the knees (Ft. C.N. 
and T.J. in Table I), and the viscosity of 
these was less than that seen in normal flu- 
ids. One patient on the ward with generalized 
anasarca in the nephrotic stage of chronic 
glomerulonephritis was tapped and 2.5 cc 
of fluid was removed from his right knee. 
This was not viscous and on dilution and 
e.xtrapolation gave a viscosity of 7 to 20 
times water. As shown in Table I, in the 


w., it- 

Physiol. Err., 1940, SO, 2(2. 

t -\Ve would like to visualize tins sp.ice .us the 
interfibrillai- tissue sp.ace. In tliis sense it is e.vtra- 


cellul.ar. 


absence of peripheral edema, the calculated 
viscositj' of normal joint fluid was very great 
compared to the viscosity of the joint fluid 
obtained from a random selection of patho- 
logical joints shown in Table 11. The pro- 
tein content of fluid from normal joints as 
measured by a specific gravity method was 
below 3.0%', while in pathological joints, the 
protein content of the fluid was above 3.0%. 
(Table I and Table II). 

Discussion. The viscosity of synovial flu- 
id from knee joints of patients without symp- 
toms or signs of joint disease is equal to or 
in most instances greater than the viscosity 
of joint fluids obtained from pathological 
knee joints. Because of the small amount 
of fluid obtained, the amount of hyaluronic 
acid present in these normal joint fluids can- 
not at the present time be determined by 
chemical means. However, the high viscosity 
would indicate that these fluids contain either 
a large amount of hyaluronic acid per unit 
volume or that the polysaccharide is in a 
highly polymerized state or in a state of high 
aggregation. On standing at icebox tem- 
perature over a period of weeks in a steri e 
state, the viscosity of the pathological fluids 
does not change.*- Thus, if a specific en- 
zyme is present, it is in an inactive state 
when removed from the body. 

Conclusions. 1. The viscosity of normal 
human knee joint fluid is greater than that 
of fluid found in most pathological condi- 
tions. 2. The decreased viscosity of joint 
fluids found in pathological states may te 


C. V.-uiB., Ropes, JI. I'’’-, 


12 RoliPi'tson, tv. „ 

Bauer, W., J. PM. Chem., 1940, 1.13, -Cl. 
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TABLE ir. 




' 

Iimctiv.ating 

Effect of Pepsin. 



Virus cone. 

1:20 


1:200 

1:500 

pll 

Incubation 
time, hr 

Active 

pepsin 

Inactivated 

pepsin 

y’ 

Active 

pepsin 

> 

lurictivatcd 

pepsin 

^Active XnCl-HCl 

pepsin controls^ 

2.0 

1/, 

9/10 

10/10 

3/10 

0/10 

9/10 

J J 


0/10 

1/10 

0/10 

2/10 

3/10 

3 ' 

3.0 

3 3 

3 

<3 

y, 

i 

o 

0/10 

0/10 

0/10 

0/10 

0/10 

9/10 

7/10 

6/10 9/10 


* For other comioirativo figures with XaCi-HCl -virus mixtures, see Table I. 


the normal fasting gastric contents, virus is 
rapidly and completely inactivated. At some- 
what lower levels (pH 2. 0-3.0) pepsin has 
a slight inactivating effect. However, the 
actual effectiveness of this “barrier” in pre- 
venting the passage of virus into the in- 
testine is certainly far from complete since 
die optimal conditions for inactivation are 
present in the stomach only at times. The 
ingestion of milk raises the pH of the con- 
tents and maintains it, at least in infants up 
to 19 months, at 3.2 or more for at least 
2 hours.'^ With carbohydrate foods (Ewald 
test meals) on the other hand pH levels are 
frequently at the inactivating levels. Thus, 
Kahn and Stokes'- found in 5 human sub- 
jects aged 4, 5, 6, 9 and 43 years old re- 
spectively with gastrostomies that after one 
hour, the pH was 1.32, 1.56, 1.57, 1.73 and 
3.31. .A.t the height of digestion of an or- 
dinary meal containing meat, the acidity of 
the gastric contents is stated to lie in the 
range pH 1.3-2. 5.® ilucus and saliva are 
said to raise the pH somewhat.'-' The rate 
of gastric evacuation is another factor of 
importance. .After ingestion of most foods, 
evacuation begins in 1-7 minutes, and with 
fluids a considerable amount may leave the 
stomach almost at once. On the other hand, 
emptying requires 3 hours or more, being 
especially rapid with carbohydrates (95% at 

iiBabbott, F. L., Jr., Johnston. J. A., Haskins, 
C, II.. .and Sliohl, A. T.. Jm. .7. Dis. Child., in^.T, 
20 . 475. 

12 Kalm, G., and Stokes. .1., .Ir., ,1m. J. Din. 
Child., 192r>, 32. G6T. 

la Marriott, W. McK.. and Davidson, L. T., Jiii. 
.7. Din. Chdd., 1923, 20, 542. 


3 hours), a little less so with proteins (80- 
85% at 3 hours) and quite slow with fats 
(30-50% in 3 hours).® 

Taking the varying conditions of gastric 
acidity and motility into consideration it 
seems clear that when virus is swallowed, 
some of it is destroyed in the stomach and 
some enters the intestine intact, but the pro- 
portions cannot be well estimated. Condi- 
tions of high acidity, such for instance as 
occur after ingestion of carbohydrates and 
meats, favor inactivation while highly buf- 
fered foods, particularly milk, tend to pre- 
vent it. lurus contained in that part of the 
ingesta which leaves the stomach too soon 
to be highly acidified is apt to escape inac- 
tivation. 

Since the pH of the intestine has a range 
of about 6,0-8.0" and since, as we have 
shown, trypsin has no inactivating effect, any 
virus reaching the intestine is likely to re- 
main intact, and to have the opportunity of 
causing infection, ^■irus can also become 
concentrated in the large bowel as water is 
abstracted from the contents and thus be- 
come easily demonstrable in the stools, ^^■hile, 
as we'-' have mentioned elsewhere, we be- 
lieve that primary intestinal entry is an ex- 
ceptional event, we suspect on the basis of 
the frequency of lesions in the celiac ganalia'“ 
that secondary intestinal entiy following 
pharyngeal entry is not uncommon. 

Summary. .At the pH levels prevailing in 


i-t M.niiii, F. C., ,iikI Bollmim, J. L., ,7. Am. JfeJ. 
-I.WH., 1930, 95. 1722. 

l--' F.-ibc-r, II. K.. :iiid Rilverbmg, B. J., ,7. Dr/). 
Mtd., 1940, 8.“}. 329. 
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stored in ampoules on dry ice, and appro- 
priately diluted with saline solution at the 
time of use. Swiss mice, all, with a few ex- 
ceptions, of the Webster strain from the Car- 
ivorth Farms, were employed, using a stand- 
ard intracerebral inoculum of 0.03 cc. Posi- 
tive results were determined either by the 
appearance of paralysis or, in the case of 
mice found dead without observed s 3 'mptoms, 
by histological examination. While differing 
from the current practice of judging results 
by the gross fataliW rate, our method .some- 
what increases the accurac)’ and significance 
of the results by eliminating deaths from 
nonpoliomj^elitic causes. In the tables, the 
numerator e.xpresses the number of mice 
showing poliomyelitis and the denominator, 
the number of mice tested. pH determina- 
tions were made electrome'tricalh-, both be- 
fore and after incubation of each prepara- 
tion. Mixtures were adjusted with HCl with- 
in the range pH 1. 0-3.0; for pH 4.0, an 
acetic acid-NaOH mixture was used. At the 
end of incubation at 37° C, each preparation 
was returned to approximate neutralit.v bi’ 
the addition of XaOH. In the pepsin e-x- 
periments, acid solutions of Lilly's pepsin 
were made up to contain 12% pepsin in the 
final mixture with virus and adjusted to the 
desired pH The proteol 3 'tic activit 3 '’ of each 
pepsin preparation was tested on coagulated 
egg albumin. At the end of each incubation 
period, enz 3 'me activity was stopped b 3 ' the 
addition of NaOH to approximate neutrality. 
For the controls, pepsin inactivated at 70°C 
for hour was used in the same amounts 
as in the tests. (Results shown in Tables I 
and II). 


T.A.BLE I. , 

Innctiv.-ition of Liiiising Virus :it Varying i>H 
Levels. 

suspensions. 

Incubation time 


pH 

■> mill 

M bi- 

% 111- 

Ihl- 

1.0 

on 

0/7 

0/7 

0/7 

1.5 

3/6 

0/6 

0/0 

o/a 

e.o 

6/' 

4/7 

5/7 

4/7 

3.0 

0/S 

6/7 

6/8 

0/7 

4.0 

T/S 

7/8 

4/8 

5/S 


s Anotlior series of tests. 


e lir 4 lir 

0/7 O/O 

n/G 0/6 

3/6 0/6 

(0/13)* 

G/S S/S 

(14/19)* 

5/S 6/8 


This group of e.xperiments shows complete 
inactivation of virus in 5 minutes at pH 1.0. 
At pH 1.5, partial inactivation occurs at 5 
minutes, and complete at 15 minutes, while 
at pH 2.0, partial inactivation begins at about 
2 hours and is complete at 4 hours. .At pH 
3.0 and pH 4.0, no inactivation is found at 
4 hours. In other tests not tabulated, inactiva- 
tion was complete at pH 3.0 in 22 hours, but 
incomplete at pH 4.0 in the same period. 

The data indicate a slightly greater degree 
of inactivation with pepsin than by acidity 
alone, but the difference between tests and 
controls is small. The optimum proteolytic 
effect of pepsin is stated to occur at pH 
2.0-2.S.’« 

E§cct of Trypsin. Supplementing the 
studv of gastric digestion on virus, the ef- 
fect of tr 3 'psin was investigated. For tech- 
nical reasons, mice could not be used for 
this purpose and the e.xperiments were per- 
formed on monke 3 fs with a freshly isolated 
strain of poliomyelitis virus in its first pas- 
sage. .A suspension made up to contain 10% 
pancreatin (Parke-Davis) and 10% virus 
adjusted to pH 7.9 was incubated for 4)4 
hours at 37°C. The activity of the pan- 
creatin was confirmed by visible digestion of 
egg albumin and b 3 ’^ determination of pH and 
free acids in casein digest. At the end of 
incubation pancreatic activity was inhibited 
by' lowering the pH to 4.2 by the addition 
of HCl. In 6 Rhesus monkey's, 0.5 cc of 
the virus-pancreatin mi.xture was instilled 
daily' into each nostril for 5 consecutive day's. 
Three monkeys developed typical paralytic 
poliomyelitis, and one, nonparalytic polio- 
myelitis as demonstrated by' characteristic 
lesions in the cord. Two monkeys showed 
no evidence of infection. Of 6 controls given 
virus in saline suspension by' the same pro- 
cedure, none developed clinical signs of 
poliomy'elitis and the olfactory' bulbs of 2 
snowed no lesions. It would appear that e.x- 
posure to try'psin not only' fails to destroy 
the virus but may even increase its in- 
fectivity. 

CoiuiHCtit . Our experiments indicate that 
at high levels of acidity such as prevail in 

2, 113. 
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the stomach when onI\>- gastric juice is pres- 
ent, and at the height of digestion of carbo- 
hydrate and mixed meals containing meat, 
poliomyelitis virus is rapidly inactivated. 
Pepsin contributes slightly to inactivation. 
Since the pH levels necessary for virus in- 
activation are present in the stomach onl}' 
part of the time, and since part of the gastric 
contents are evacuated before such levels can 
be attained, a certain proportion of ingested 


virus has the opportunity to escape intact 
into the duodenum; here and in the rest of 
the intestine the pH is too high to inactivate 
it and trypsin has no inactivating effect. Virus 
entering the bowel therefore must be pre- 
sumed to remain active, thus providing con- 
ditions suitable for secondary intestinal en- 
trj' of infection, and also for concentration 
of virus in the contents of the large in- 
testine. 
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Toxicity of Solutions of Cocaine Hydrochloride of Various Ages. 

David T. Carr and Hiram E. Essex. 

From the Division of Expcrimcntai Medicine, Mai/o Foundation, Fochesier, Minn. 


•Although cocaine hydrochloride is a very 
useful drug, it is also verj'^ toxic. The fre- 
quency of untoward reactions has been de- 
creased by premedication with one of the 
barbiturate series of drugs but recent reports*-- 
indicate that fatalities still occur following 
the use of cocaine. Several clinicians^ have 
found that no serious reactions occurred when 
they used an absolutely fresh solution of the 
drug and this has been our clinical e.vperience. 

Regnier, David and Joriot' have reported 
that solutions of cocaine hj'drochloride that 
were 6 months to several years old were more 
toxic to roots of white lupine seedlings than 
were fresh solutions but we have been unable 


1 Derbes, V. J., and Englehardt, H. T., J. Lab. 
and Clin. Med., 1944, 29, 478. 

- Sljumaker, H. B,, Jr., Stir., 1941, 10, 134. 
r- Gardner, J. A., J. V ro!., 1923, 10, 509. 

Braascli, W. P., quoted by Hirscbfcldcr, A. D., 
and Bieter, R. X., Physiol. Ecv., 1932, 12, 190. 

Emmett, J. L., Local Anesthesia of the Urethra 
and Bladder; in Lundy, J. S., Clinical Anesthesia, 
I'b'Iadelpbia, V. B. Saunders Co., 1942, 195. 

>'• Moerscb, H. J., personal comuiunicatiou. 

~ Regnier, Jean, David, Robert, and Joriot, 
Robert. Comp, rend Soc. dc biol., 1937, 125, 1012. 


to find a report of an\- investigation on ani- 
mals of the relation between the age and the 
toxicity of solutions of cocaine hydrochloride. 
Consequently the following e.xperiments were 
done. 

Method and Results. Using sterile precau- 
tions, 1% solutions of cocaine hydrochloride 
in sterile distilled water were made and placed 
in stoppered bottles of clear glass. The solu- 
tions were kept at room temperature (75° to 
95 °F) e.\-posed to dajdight but not to the 
direct rays of the sun. 

Healthy adult rabbits of both se.xes were 
used; their weights varied from 1.5 to 4.0 kg. 
It was determined that the intravenous in- 
jection in 10 seconds of 10 mg of cocaine 
hv'drochloride per kilo of body weight, a 1% 
solution being used, was always followed by 
a generalized convulsion and fairly frequenth'^ 
bj' death. This dosage and technic of injec- 
tion were followed throughout this experiment. 

The fresh solution of cocaine hydrochloride 
was used during the first hour after it was 
prepared. The toxicity of this solution was 
compared with that of solutions one week, one 
month and M/z months old. It seemed wise 
to compare the lethal effects, as the accurate 
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TABLE I. 


Ac]soi])tion of Zepliiran on Various Surfnccs. 


.Solution 

Surface tension 

Water 

50 i)])!!! Zrpijiran 

so ’• 

72.8 (Ivnes 
0G.5 

02.3 

100 ’• ” 

59.2 

.S.inie + 1.3% filter paper 

02.2 

Same -j- 1 % bakers yeast 

03.4 

1000 pjnn Zepliiran 

37 

Same 5% bentonite 

73 


'olution increased noticeabh’ in volume, sug- 
gesting thick adsorption layers. Such layers 
may retard the diffusion of dissolved mole- 
cules to the center of a clump of bacteria. 

However, another fact must also be in- 
cluded into any explanation, namely the ob- 
servation by ^filler, .'\brams, Huber, and 
Klein- that hands dipped in 1% Zephiran 
solution remain apparently sterile for about 
2 hours through an imperceptible film, while 
the bacteria of the skin, under this film, 
are still alive when the film is disrupted 
several hours later. 

This obseiA'ation can be e.xplained by as- 
suming that the adsorbed Zephiran molecules 
or ions are oriented, the inactive, harmless 
organic end directed towards the skin and 
the germicidal NOH group towards the out- 
side. The organophilic skin attracts the long 

- Milk'r, B. P., .-Vlimms, B., Hulicr, D. A., .'iiul 
Klein, M., I'p.oc. Soc. Exp. Biol. .\xd J[ed., lD-13, 
54, 174. 


organic chains, and thus, the adsorption film 
has one harmless side and one to.xic side. 

To test this explanation, ex'periments were 
made with 2 different surfaces, nameh' fat 
which is organophilic, and 25% gelatin which 
is hydrophilic. About 1 to 2 g butterfat of 
high melting point were pipetted into test- 
tubes, and after solidification, 0.1 ml of a 
Staphjdococcus culture was put upon the fat 
surface. When the culture was perfectly dry 
(in a vacuum), 2 to 5 ml of a 1% Zephiran 
solution were poured on the dr\' bacteria. 
After various e.xposure times, the disinfectant 
was poured off, the entire tube was washed 
once with 50 ppm Duponol (a good antidote 
to Zephiran), then twice with 10 ppm 
Duponol, and finally, broth containing 5 ppm 
Duponol was poured into the tube. The fat 
surface was then scraped with a bent platinum 
wire to remove as many bacteria as possible, 
the tube was shaken violently, and 1 ml 
and 0.01 ml of the broth was plated. The 
counts thus obtained are extremely inac- 
curate because bacteria may not all be re- 
moved, or may become imbedded in the fat. 
The chance of contamination by the repeated 
washing is increased. The recovery of bac- 
teria dried on fat and treated with water 
gave between 200 and 20,000 colonies. If 
onW very few colonies are found, and not 
consistenth', it suggests a chance contamina- 
tion while larger numbers are good proof of 
survival. 


TABLE n. 

Survivors of SIdplii/Incorcii.s iiiirciis E.xposcd to Zrpliinin Solution iu Prusviive of V.nrious 

Surfaces. 


Surface 

Disinfectant 

Bacteria 

/ 


Butterfat 
1% Zepliiran 



Dried I 

Dried n 


Moist li 

0.5 br 


12,100 

— 




1 


4,000 

170 


— 

1.5 


50,000 

— 


— 

4 


— 

190 


0 

20 


— 

30 


0 

Surface 



23% gelatin 



Disinfectant 

l^/( Zepliiran 

0.1% Zepliiran 

0.01% Zepliiran 

Bacteria 

dry 

dry 

moist 

dry 

moist 

0.5 br 

0 

0 

0 

1:590 

9,700 

1 

(1 

0 

— 

0 

— 

1.5 

n 

0 

0 

900 

0 

4 

0 

0 

— 

0 

— 
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TABLE I. 

Toxicity of Solutions of Cociiino Hydrocliloride.* 


Age of 
solution 

Babbits 

Deaths 

Mort.alitvrafe 

% 

Prcsli 

70 

15 

19.T 

1 wk 

87 

25 

28.7 

1 mo 

36 

9 

25.0 

3% " 

10 

1 

10.0 


* The drug was injected intravenously in 10 
seconds in the dosage of 10 nig per kilo of body 
weight, a 1% solution being used. 


grading of convulsions seemed impossible 
(Table I). It will be seen that there was 
not a demonstrable difference in the toxicity 
of the solutions of various ages. There was 
no evidence that the sex or the weight of 
the rabbits had any influence on the mortality 
rate. Neither was there any evidence that 
the fresh solution of cocaine hydrochloride 
became more toxic during the hour-long period 
that it was being used. 

These results do not support the clinical 
impression that fresh solutions of cocaine 
hydrochloride are less to.xic than older ones. 
However, it has been shown that sensitivity 
to cocaine hydrochloride varies among mem- 
bers of the animal kingdom, the monkey be- 


ing much more sensitive than the rabbit,® It 
seems probable that the human being is even 
more sensitive. If this is true, then it seems 
possible that small differences in to.xicity 
which could not be detected in the rabbit 
might be of real significance in human beings. 
Therefore, even though the older solutions of 
cocaine hydrochloride did not cause a higher 
death rate in rabbits, it should not be con- 
cluded that old solutions of cocaine are en- 
tirely safe for human beings. In view of 
the clinical reports cited in the earlier pahi 
of this paper, it would seem wise to use fresh 
solutions of cocaine exclusively in clinical 
work. 

Summary. The toxicity' of solutions of co- 
caine hydrochloride of various ages (less than 
one hour, one week, one month and 
months) was studied in rabbits, the drug 
being given intravenously in the dosage of 
10 mg per kilo of body weight. The mor- 
tality rates following injections of solutions 
of cocaine of various ages showed no sig- 
nificant differences. 

>■ Tatum, A. L., and Collins, A. H., Arch. Jnt. 
Med., lf>2G, its, 405. 
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Protection of Dry Bacteria by Fat Against Cationic Detergents. 

Otto Rahn. 

From the Lnloroiorv of BoctcrUdoflU, X. Y. Stoic CoVegc of AgricMiirc, Cornell University, 

Itlineu, X. r. 


Klarmann and WrighP have shown that 
quaternary ammonium compounds cause an 
agglutination of bacteria and precipitate them 
against the walls of the test tube. This causes 
a very coarse and irregular distribution and 
ex-plains the irregular results obtained by 
every investigator trying to evaluate the 
germicidal efficiency of these compounds. 

It is not clear, however, why the bacteria 
in these clumps die more slowly than those 

1 Klarmann, E. G., and tVriglit, E. S., Soap and 
San. Chem., 1946, 22, 125. 


which remain singly in suspension. In order 
to prove whether these detergents are strong- 
ly adsorbed on the surfaces of bacteria, 1 g 
of baker’s yeast was suspended in 100 ml 
of a 100 ppm solution of Zephiran (dimethyl- 
benzyl alkyl ammonium chloride, also known 
as R6ccal), the yeast removed by centrifuga- 
tion, , and the surface tension of the clear 
solution measured by the drop number method 
(Table 1.) Nearly 20 ppm of the Zephiran 
had been adsorbed on the cells. This amount 
indicates a multimolecular adsorption layer. 
Bentonite particles in 1000 ppm Zephiran 
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Alloxan-Induced Azotemia in the Rat.* 

Leslie L. Bennett and Thurid Behrens. 

From the Divisions of Fhiisio}o{i;i (BcrlrUii), Meiliciitr fSaii Frouviscof, and Institute of 
lExpcrimcntal Diologii, Vniversity of California. 


The production of renal injury by alloxan 
is well known and was pointed out by Dunn 
and McLetchie’ in their original article on 
the production of allo.xan diabetes in the rat. 
In the dog, the islet tissue is more susceptible 
to injury than is the kidney and thus smaller 
doses of alloxan are nearh'' selectively dia- 
betogenic in this species. With larger doses, 
as Goldner and Gomori- have shown, suffi- 
cient renal damage is produced to cause a 
diabetic uremic S 3 mdrome. These e.xperi- 
ments were undertaken to determine whether 
this differential sensitivity was present in 
the rat, and whether a dose level of alloxan 
could be found that would produce hj'per- 
gh'cemia without azotemia. 

.All animals used were male rats of the 
Long-Evans strain between 45 and 50 daj’S 
of age at the time of the initial injection, 
and were allowed free access to the stock 
diet at all times. Alloxan monohj'drate in 
aqueous solution was used and was injected 
intraperitoneally on a body weight basis. .Ani- 
mals were sacrificed 72 hours after the initial 
injection except in those cases where the ef- 
fects of persistent diabetes were studied, in 
which case the\' were sacrificed approximately 
one month after the initial injection. Blood 
was obtained from the inferior vena cava and 
following deproteinization, glucose was de- 
termined by the Somogyi^ micro-method and 
non-protein nitrogen was determined by the 
micro-Kjeldahl procedure. 

' .Aided br grants from tlie Research Board of 
the 'Cniversity of 'California, and the James 
Foundation Grant of tlic llcdical .Scliool. 

1 Dunn. J. .S., and McDeteliic, N. G. B., Lancet, 
1943, 2, 3S4. 

-Goldner, M. G., and Gomori, G., Endocrinology, 
1943, .1.% 297. 

•■>Soniogyi, M., J. Biol. Chrni., 1937, 117, 771. 


In Table I are presented the data on the 
blood glucose and blood NPN obtained 72 
hours after the initial injection of various 
amounts of alloxan. It will be seen that with 
a dosage of 200 mg per kg there was a 
slight rise in the mean glyceraia and the 
azotemia although all animals did not respond. 
The degree of elevation of the NPN was 
somewhat greater than that of the blood 
glucose, one animal showing a blood NPN of 
153 mg %, as contrasted with 34 mg %, the 
maximum of the control group. At a dose 
level of 250 mg per kg the mean blood 
glucose was approximatelj' doubled, being 
219 mg but the mean NPN was increased 
approximately four-fold being 115 mg %. 
With larger doses whether given as a single 
injection or as repeated smaller injections, 
both the hyperglycemia and azotemia were 
more marked. In general the severitj’’ of 
the histopathological changes in the kidnej’ 
paralleled the degree of nitrogen retention. 

That this effect on the nitrogenous con- 
stituents of the blood was due to a primary' 
renal injury' and was not due to functional 
renal failure secondary to the severe diabetic 
state was shown by the fact that the simulta- 
neous administration of insulin prevented the 
extreme hypergh'cemia but did not alter the 
azotemia. 

In another series of animals which received 
400 mg of alloxan per kg it was determined 
that 3 major components of the NPN ; namely, 
urea N, uric acid N, and creatinine N were 
all elevated. The mean control urea N level 
w-as 22 mg % as compared with a mean e.x- 
perimental level of 165 mg %. For uric acid 
and creatinine the control values were 3.2 
mg % and 1.7 mg % respectively as compared 
with 12.5 mg % and 6.7 mg % for the alloxan- 
treated group. 
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TABLE III. 


Survivors of Staphylococcus aureus Exposed to Disinfectants in Presence of Various Surf.ices. 


Surface 

Bacteria 


Disinfectant: 8% formaldelij'de 


Vaspar 

Eat 

Glass 

dried 

moist 

dried 

moist 

r 

dried 

s 

moist 

0.5 hr 

0 

0 

261 



0 

4 

1 

0 

0 

14 

0 

0 

1 . 

2 

900 

1 

0 

— 

— 

0 




Disinfectant : 

1% ceepryn 









■ ■ 

0.5 

4,400 

4 

— 

0 

0 

1 

1 

3,500 

0 

24,700 

42 

0 

0 

2 

— 

23 

— 

— 





3.5 

24 

— 

0 

— 

0 

0 

7 

7 

— 

22 

— 

0 



22 

0 

— 

0 

— 

— 

— 


The procedure with gelatin was similar, 
except that finally, the gelatin was melted in 
the broth at 40°, and plated directly. The 
result is shown in Table II. Bacteria dried 
on fat survived the powerful disinfectant for 
20 hours, while they died within half an hour 
when not dried. By the standard technic, 
SO ppm kill Staphylococcus aureus in 10 min- 
utes. Bacteria dried on gelatin did not sur- 
vive half an hour. Evidently the 2 surfaces 
affected the bacteria differently. 

Table III gives the results of a parallel 
experiment with Ceepryn (cetyl pyridinium 
chloride), and with formaldehyde. Fat 
exerted a definite protection against for- 
maldehyde, but not as pronounced as 
against Ceepryn. Vaspar (vaseline-paraffine 
mixture) as a pure hydrocarbon is even more 
organophilic than fat. The glass_ surface of- 
fered no protection. Bacteria dried on sand 
were also killed as easily as without sand. 

Mudd and Mudd= have shown that bacteria 
are drawn to the interface between oil and 
water and usually remain t here. Only the 

rjluad, S., aiTa iludtl, eT B. H., J. Exp. ilcfl; 
1924, 40, C59. 


acid-fast bacteria are drawn into the oil 
phase. However, Jensen^ states: “If sodium 
oleate in 0.05% solution is added to the 
water, every species and kind of microbes pass 
into the oil.” A Zephiran solution will 
probably exert an influence similar to that 
of sodium oleate. Although the fat was solid, 
it is possible that a very thin film of fat 
covered some of the dry bacteria. Or fier- 
haps, the surface of bacteria is so changed 
by drying that it becomes organophilic and 
becomes saturated with fat if that is present. 
Such cells would be protected against 
(juaternar3'' ammonium compounds because 
they would adsorb the harmless end of the 
molecule. 

Summary. The adsorption of quaternary 
ammonium compounds on cell surfaces has 
been proved e.xperimentally. 

The formation, on hands, of a film of 
cationic detergent of which only the outside 
is germicidal, has been e.xplained as due to 
an oriented adsorption of the detergents on 
an organophilic surface, such as fat or paraffin. 

■I Jensen, L. B., Microbiology of 
Press, 1945, 286. 
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Failure of Methionine to Reduce Nitrogen Loss in Postoperative 
Herniorrhaphy Patients on Restricted Diet.* 

Cecilia Riegel, C. E. Koop, and R. P. Grigcer. (Introduced by I. S. Ravdin). 

from thr Jlnrrhots Depart iiifut of Siirpiral Hexcarch, ami the Siirffical Service, Hospital of the 
I'liiversitp of Pennsylvania, Philadelphia. 


Evidence that the addition of methionine 
to a standard diet decreased the urinary ni- 
trogen output of dogs was reported by ^Miller.’ 
It seemed of interest to see whether a similar 
effect could be obtained in patients, particu- 
larly surgical patients during the period of 
reduced food intake which often follows after 
operation. 

For reasons of availabilitj- and relative uni- 
formity 14 male patients were selected who 
were undergoing unilateral herniorrhaphy. 
They were divided into 3 groups as follows: 

1. Four controls were studied for 10 days 
beginning on the first postoperative day. They 
recei%'ed no added methionine. 

2. Five patients were studied for 10 days 
beginning on the first postoperative da\'. Thev’ 
received 6.0 g of methionine daih' for the 
first 5 days of the study. 

3. .Another 5 patients were studied for 10 
days beginning on the first postoperative daj’. 
They received 6.0 g of methionine daily for 
the second 5 days of the study, 

.All patients rvere fed daily a diet containing 
appro.vimately 1,000 calories and consisting 
of 40.0 g of protein, 40.0 g of fat, and 
130.0 g of carbohydrate. The patients were 
kept in bed throughout the study. 

Urine was collected in 24-hour periods and 
the volume measured. .Aliquots of the first 
5 days were pooled, and aliquots of the 
second 5 da5's were pooled. .Anah'ses were 
run on a portion of each pooled specimen 
for total nitrogen by a semi-micro Kjeidahl 

* The work deM-rihed in this paper was done 
under a contract, recommended hy the Committee 
on Medical Research, hetween the Office of J^ci- 
cntifjc Research and Development and the Cni- 
versity of Penn«ylvania. 

1 Miller. L, U. J. Diol Chcni.. 3944, J.*52, 603. 


method. Total urinary nitrogen excretion 
was calculated from this. Fecal nitrogen out- 
put was not determined in this group of 
patients but averaged 1.0 g in 18 other pa- 
tients studied,- In this study we used an 
average figure of I.O g daih’. 

Results. Table I shows average intake and 
average excretion of nitrogen in the individual 
patients in the 3 groups for the 2 5-da}' 
periods. 

Plasma protein concentrations were not 
significantly altered during the lO-day period. 

Discussion. .As no significant difference 
was found in the controls between the mean 
difference in intake and output of nitrogen 
for the first 5 days and the mean difference 
in intake and output of nitrogen for the 
second 5 days when no methionine was given, 
any significant differences found in those 
patients receiving methionine could properly 
be attributed to the effect of methionine. 
However, although small differences were 
found in the average output between the 
“methionine-fed'’ period and the “no methi- 
onine” period, when analyzed statistically the 
differences were found not to be significant 
(Table I). The amount of methionine fed 
these patients (appro.vimately 0.1 g per kilo 
of body weight) was in the same range as 
the dogs studied by Aliller.* The patients 
were on a low total caloric diet and a low, 
but not stan-ation, intake of nitrogen. It 
was found by Miller, whose dogs presumably 
received sufficient calories for maintenance, 
that the effect of methionine was greater in 
his animals before their protein stores had 
become depleted. These patients prior to 
operation were on a normal diet, and it must 

2 Riegfl. C<filia. Koop, C. E., Drew. .T., Stevens, 
L, W., and Rlin.-ids, .T. E.. to la? puWislied. 
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Alloxan-Induced Azotemia in the Rat. 


TjVBLE 1. 

Blood Glucose .ond Non-protein Nitrogen Bevel in tlie B.it 72 Hours After tlie Initial Alloxan 

Administration. 


Alloxan dose 
per kg 

Blood glucose in mg % 

Blood NPN in mg % 

Menu 


I?ange 

Mean 

> 

Hange 

Uninj. control 

12!) (13) 

« 

113-140 

27 (8) 

23-34 

150 mg 

118 (13) 


85-150 

32 (0) 

25-39 

200 ” 

151 (11) 


108-333 

60 (0) 

20-153 

250 ” 

210 (10) 


123-388 

115 (4) 

27-215 

300 " 

381 (6) 


loG-648 

201 (4) 

108-235 

150 ” 2 consecutive davs. 






Total do.se 300 mg 

354 (13) 


129-008 

115 (0) 

01-233 

200 mg 2 consecutive days. 






Total 400 mg 

73(1 (8) 


149t-1030 

140 (8) 

41-238 

150 mg 3 consecutive days. 






Total 450 mg 

549 (8) 


189-955 

185 (8) 

9.5-347 

200 mg 2 consecutive days 





_ 

plus 2 units protamine 






insulin daily 

140 (8) 


41-2.38 

177 (5) 

83-245 

* The figure in piiroiithesos indicates the number of observations 

in t!ie ffroun. 

t Onl.v one value below 

()00 Jiig %. 







TABLE ir. 



Blood Glucose and Non-protein Nitrogen Level 

in B-its with Alloxan Induced Diabetes of One 

Month ’s 

Duration. 





Blood glucose in mg % 

Blood NPN in mg % 



Jfcan 

Binge 

Mean 

> 

Hange 

Uninjeeted controls (7)' 


122 

70-143 

27 

22-30 

Persistent diabetics (S) 


431 

381*510 

41 

24-70 

Becovered diabetics (3) 


132 

1 1 1 '153 

30 

27-31 


* The figure in parentheses indicates the number of observations in the group. 


In Table II are presented the data obtained 
from animals 31-34 days following the ad- 
ministration of 400 mg of allo.xan per kg. It 
will be seen that even in those animals in 
which there was a persistent diabetes, there 
was only slight residual azotemia. The mean 
blood NPN in this group was 41 mg % as 
compared with 27 mg % for the controls or 
as compared with 140 mg % for animals 
72 hours after the injection of the same 
amount of alloxan. This would seem to in- 


dicate a high degree of functional recovery 
of the kidney. In those animals in which 
diabetes was not persistent there was a com- 
plete functional recovery of the kidney insofar 
as the NPN was completely normal. 

Summary. In rats of the Long-Evans strain 
there is no difference between the diabetogenic 
and nephroto.xic dose of allo.xan as judged by 
hi'perglycemia and azotemia. Even “when 
diabetes persists there is nearly complete 
functional recovery of the kidney.’ 
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the same time in a report b}’ Weiss- from 
this laboratorj'. Recently Dienes® has re- 
viewed the morpholog}’’ and nature of the 
entire pleuropneumonia group of organisms 
including rat strains such as we have used. 

During the last 2 j’-ears we have tried out 
a rather long list of drugs, etc., in e.Yperi- 
mental chemotherapy in this field with no 
positive results until we recenth’- tried strep- 
tomycin with what seems to be considerable 
success. The purpose of this report is to 
present these results showing effectiveness of 
streptomycin in this ty^ of arthritis of rats. 

In a routine screening test of various drugs, 
0.05 cc of the same pleuropneumonia culture 
as used previously, and grown as described,^ 
was injected intravenously into a group of 
w’hite rats each of about 100 g weight. Four 
of these rats were treated hypodermically 
with streptomycin, while 6 were left as con- 
trols. Streptomycin therapi" was started 
about an hour following infection, and 3 doses 
were given the first, second, and third days, 
or a total of 9 doses. Each dose comprised 
1000 units. In this test, the 4 treated rats 
remained entirely free of S 3 TOptoms. Five of 
the 6 controls developed pleuropneumonia in- 
fection, and one remained free of perceptible 
symptoms. Two of the 5 controls which de- 
veloped infection had an overwhelming dis- 
ease and were dead in 5 days, before very 
definite gross arthritis could appear. The 
other 3 controls developed disabling arthritis. 
All suiv’iving animals were obser\'ed for 3 
weeks. This kind of chemotherapeutic show- 
ing had not been seen previously in any 
pleuropneumonia-infected rats except those 
treated earlier with myochrj^sine, and the drug 
in this case was verj' toxic. Bj' contrast the 
4 streptom 3 ''cin-treated rats in the present 
e-xperiment appeared bright and alert, and 
entirel 3 ' normal for 3 weeks after infection. 

This initial experiment was repeated using 


2 Weiss, L. J., J. Bact., 1944, 47, 523. 
s Dienes. L., J. Bact., 1945, 50, 441. 


20 rats injected with pleuropneumonia cul- 
ture as before. Ten of these were treated 
h3T3odermicall3'’ with strep tom 3 "cin and 10 were 
left as controls. Three doses of strepfom 3 ’cin 
were given on the first, second, third, and 
fourth da 3 ^s, or a total of 12 doses. Each 
dose comprised 3000 units. In this test 8 
of the 10 treated rats remained entireh^ free 
of S 3 TOptoms, while the remaining 2 showed 
a questionable trace of swelling in one toe 
of each animal for 2 da 3 's onl 3 ". All 10 
treated rats were bright and alert throughout 
the test and e.xhibited no evidence of drug 
toxicit 3 \ All 10 of the control rats, however, 
showed earl 3 " and pronounced s 3 Tnptoms of 
pleuropneumonia infection. Three of these 
died in 5 da 3 's of overwhelming disease before 
visible arthritis usuall 3 ' appears. The other 
7 developed disabling pol 3 ’arthritis and died 
before the 3-weeks obser\’ation period was 
over. It is believed that the good showing 
of streptom 3 ’cin in this experiment has not 
been equalled previousl 3 ’' with myochrysine 
in our tests. 

A third experiment is in progress using 33 
rats injected with pleuropneumonia culture 
as before. Sixteen of these were treated with 
streptom 3 Tin and 17 were left as controls. 
None of the 16 treated rats show any S 3 TOp- 
toms, while all of the controls show evidence 
of infection (rapid respiration, loss of weight, 
and disinclination to move about), and be- 
ginning arthritis is apparent in these. 

Further details concerning the effectiveness 
of streptom 3 Tin in rat arthritis are under 
study. 

Our thanks are due IMiss Doroth 3 ' JIcKay 
for cooperation and interest in the e.xperi- 
mental chemotherap 3 ’’ set forth in this report. 

Summary. Streptomycin appears chemo- 
therapeuticall 3 ’^ effective against pleuropneu- 
monia infections and resultant poh'arthritis 
in rats, and better in this respect than certain 
gold salts. The streptomt'cin which we used 
contained 250 units per mg, and was sup- 
plied b 3 ^ Dr. J. h. Leight 3 \ 
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TABLE I. 


Effect of Administration of Methionine on piinary Nitrogen Excretion. 




First 5 days 



Second 5 days 

Intake 

g 

Urine. X. 
g' 

Diff.' 

g 

Intake 

g 

TJrinc, X. 
g 

Diff.' 

g 




Xo methionine 




1 

32.8 

62.2 

—29.4 

33.0 

50.9 

—17.3 

o 

35.3 

61.8 

—26.5 

32.0 

47.1 

—15.1 

3 

35.3 

49.3 

—14.0 

32.4 

44.7 

—12.3 

4 

SSiu 

57, G 

—24.1 

33.1 

57.1 

—24.0 


Mean diff. 


—23.5 

yiean diff. 


—17.1 



yiethionine first 5 days— 

0.0 g daily 



5 

35.9 

36.3 

—0.4 

32.8 

31.1 

+1.7 

6 

3.5.0 

69.1 

—34.1 

32.8 

72.2 

—39.4 


35.1 

68.1 

—33.0 

32.1 

54.7 

—22.0 

8 

32.2 

03.0 

—30.8 

33.9 

79.2 

— — 4d.£J 

9 

35.7 

71.6 

—35.9 

31.2 

00.7 

—29.5 


ilc.m diff. 


—20.8 

Mean diff. 


—27.7 



Jlctliioniiie second 5 days- 

-0.0 g daily 



10 

32.4 

63.4 

—31.0 

30.0 

51.7 

— 15,7 

11 

33.0 

38.8 

—5.8 

35.5 

44.1 

—8.6 

12 

31.9 

57.9 

—26.0 

.35.4 

62.7 

—27.3 

13 

32.9 

40.1 

—13.2 

33.9 

44.1 

—10.2 

14 

30.1 

39.5 

—9.4 

32.9 

46.0 

—13.7 


Mean diff. 


—17.1 

Mean diff. 


—15.1 


Con troh'— First 5 days — mean difference 23.5 g 
Second 5 ” — ” ” 1<-1S 


Diff. between means = 6,4 g 


E,rpei-.— Period with metliioiiine M.D. 21.0 g 
" without ” M.D. 22.4 g 


Diff. between means = 1.4 g 


S.E. diff. = 5.9 


be presumed that their protein stores were 
not depleted. 

Conclusion. Under the conditions of this 
experiment the administration of 6.0 g of 


methionine daily to men receiving a low 
caloric diet failed to show a significant protein- 
sparing action as indicated by the effect on 
urinary nitrogen e.xcretion. 
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Effectiveness of Streptomycin in Arthritis of Rats. 
H. M. POWEEE, W. A. Jamieson, and R. M. Rice. 

From the Lilly Besearch Lahoratories, Indianapolis, Ind. 


Two years ago we reported that penicillin 
was ineffective in the chemotherapy of 
arthritic rats infected with pleuropneumonia- 
]ike organisms, while myochrysine was ef- 
fective in this respect, but at the same Ume 


quite toxic and hazardous to use in these 
animals.^ Electron morphology of the micro- 
organisms we used was dealt with at about 

1 Powell, H. M., and Bice, E. M., J. Zah. and 
Clin, iled., 1944, 29, 3/2. 
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the same time in a report by "Weiss- from 
this laboratory. Recently Dienes^ has re- 
viewed the morphology and nature of the 
entire pleuropneumonia group of organisms 
including rat strains such as we have used. 

During the last 2 years we have tried out 
a rather long list of drugs, etc., in e.Tperi- 
mental chemotherapy in this field with no 
positive results until we recently tried strep- 
tomycin with what seems to be considerable 
success. The purpose of this report is to 
present these results showing effectiveness of 
streptomycin in this Upe of arthritis of rats. 

In a routine screening test of various drugs, 
0.05 cc of the same pleuropneumonia culture 
as used previouslj^, and grown as described,^ 
was injected intravenousK’’ into a group of 
white rats each of about 100 g weight. Four 
of these rats were treated hypodermically 
with streptomycin, while 6 were left as con- 
trols. Streptomycin therapy was started 
about an hour following infection, and 3 doses 
were given the first, second, and third days, 
or a total of 9 doses. Each dose comprised 
1000 units. In this test, the 4 treated rats 
remained entirely free of sjTnptoms. Five of 
the 6 controls developed pleuropneumonia in- 
fection, and one remained free of perceptible 
symptoms. Two of the 5 controls which de- 
veloped infection had an overwhelming dis- 
ease and were dead in 5 da 3 ’’s, before very 
definite gross arthritis could appear. The 
other 3 controls des'eloped disabling arthritis. 
All suiA'iving animals were obser\'ed for 3 
weeks. This kind of chemotherapeutic show- 
ing had not been seen previousl}' in an}' 
pleuropneumonia-infected rats except those 
treated earlier with myochrysine, and the drug 
in this case was very toxic. contrast the 
4 streptomj^in-treated rats in the present 
experiment appeared bright and alert, and 
entirely normal for 3 weeks after infection. 

This initial experiment was repeated using 


2 Weiss, L. J., J. Sad., 1944, 47, 523. 

3 Dienes, L., J. Bcict., 1945, 50, 441, 


20 rats injected with pleuropneumonia cul- 
ture as before. Ten of these were treated 
hypodermicallj' with strep tomj'cin and 10 were 
left as controls. Three doses of streptomj'cin 
were given on the first, second, third, and 
fourth da 3 's, or a total of 12 doses. Each 
dose comprised 3000 units. In this test 8 
of the 10 treated rats remained entirety free 
of S3'mptoms, while the remaining 2 showed 
a questionable trace of swelling in one toe 
of each animal for 2 da 3 's onl 3 '. All 10 
treated rats were bright and alert throughout 
the test and exhibited no evidence of drug 
toxicity. All 10 of the control rats, however, 
showed earl 3 ' and pronounced s 3 Tnptoms of 
pleuropneumonia infection. Three of these 
died in 5 days of ovem-helming disease before 
visible arthritis usually appears. The other 
7 developed disabling polyarthritis and died 
before the 3-weeks obseiv’ation period was 
over. It is believed that the good showing 
of streptom 3 ’cin in this e.xperiment has not 
been equalled previously with myochr 3 'sine 
in our tests. 

A third e.xperiment is in progress using 33 
rats injected with pleuropneumonia culture 
as before. Sixteen of these were treated ndth 
streptom 3 min and 17 were left as controls. 
None of the 16 treated rats show any S 3 Tnp- 
toms, while all of the controls show evidence 
of infection (rapid respiration, loss of weight, 
and disinclination to move about), and be- 
ginning arthritis is apparent in these. 

Further details concerning the effectiveness 
of streptom 3 'cin in rat arthritis are under 
study. 

Our thanks are due Sliss Dorothy McKay 
for cooperation and interest in the e.xperi- 
mental chemotherapy set forth in this report. 

Sum/nary. Streptom 3 ^cin appears chemo- 
therapeutically effective against pleuropneu- 
monia infections and resultant potyarthritis 
in rats, and better in this respect than certain 
gold salts. The streptom 3 'cin which we used 
contained 250 units per mg, and was sup- 
plied by Dr. J. A. Leighty. 
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Presence of a Growth Inhibiting Substance in Raw Soybeans. 

, A. A. Klose, Barbara Hire, and H. L. Fevold. 

From the Ve.ttrrn Fegionn} Frscarch Lnhoratnn/, AIbnmi, California, Bureau of Agricultural 
and Industrial Chcmistrii, Agricultural Bcxcarcli Administration, United States Department of 

Agriculture. 


The low nutritional value of raw soybean 
■proteins and the marked improvement on 
heating have been recognized for some 
time;’’-’’’ however, the fundamental mecha- 
nism by which this change takes place has 
not been satisfactorily explained. The ex- 
perimentally demonstrated effect of heating 
is to make the methionine of the protein 
nutritionally available. Johnson, Parsons, 
and Steenbock'* have shown that this effect is 
not brought about by increased absorption 
of the sulfur-containing amino acids but that 
heating apparently increases the utilization of 
these amino acids after absorption. Ham 
and Sandstedt"' and Bowman" have demon- 
strated the presence of a trypsin inhibitor in 
the pH 4.2-solubIe fraction of unheated soy- 
bean flakes, and Ham and Sandstedt sug- 
gested its possible significance in relation to 
the poor biological value of the raw soybean 
protein. They were not able at that time 
to demonstrate any growth-inhibiting effect 
of the fraction containing the trypsin inhibitor. 

Recently, while this paper was in the 
process of review, a report by Ham, Sandstedt, 
and MussehF appeared which extended their 

3 Daniels, A. L., amt Nicliols, N. B., J. Biol. 
Client., 1917, !t2, 91. 

1! Il.-iywiinl, J. W.’ .Sfeenlxjck, 11., amt Bolistcdt, 
G., J. Fntrilion, 1930, 11, 219; 13, 275. 

3 Ilaynai d, J. W., Halpiii, J. G., Holmes, C. E., 
Bolistodt, G., amt Hart, E. B., Poultrg Science, 
1937, 10, 3. 

■I Jolmson, B. M., Parsons, II. T., ami Steciibock, 
II., J. Fiitritinn, 1939, 18, 423. 

Ham, IV. E., and Sand.stedt, H. it., I. Siol. 
Cheni., 1944, l.H, 505. 

« Bowman, 1). E., Pkoc. Soc. Exp. Biol, .ixd 
Hki)., 1944, .57, 139. 

7 Ham, W. E., .Sandstedt, R. JI-, and AliissehJ, 

F. E., J. Biol. Clienu, 1945, 101, C.Iu. 


observations and established a growth-retard- 
ing effect on chicks of the pH 4.2-soluble, 
acetone-insoluble fraction of soybeans. We 
had obtained similar results with rats, and 
these results are presented in this report. 

In connection with work in progress at the 
Northern Regional Research Laboratory, 
dealing with the effects of processing on the 
food value of soybean proteins, we have been 
. investigating the effects of heating on the 
growth-supporting properties of the separated 
acid-soluble (pH 4.2) and acid-insoluble pro- 
teins. In this investigation it was found that 
the crude pH 4.2-insoluble protein still re- 
sponded to heat treatment by increased bi- 
ological value. However, when the unheated 
acid-soluble fraction was added back to the 
heated acid-insoluble protein, the growth-pro- 
moting property was again reduced to that of 
unheated soybean proteins. It is obvious 
therefore, that a growth-inhibiting substance 
is present in unheated soybean proteins which 
explains partially at least the nutritional 
inadequacy of raw soybean proteins. 

Litters of albino rats (Sprague Dawley 
strain) were maintained on a stock diet of 
Purina Dog Chow Checkers supplemented 
with cod-liver oil and liver until they were 
approximately 40 days of age and 90 g per 
rat in weight. Each litter was then divided 
equally as far as possible among the experi- 
mental groups of 10 rats each and fed the 
corresponding diets and water ad libitum 
The soybean protein fractions were pre- 
pared in the following manner; ground 
he.xane-extracted soybean flakes (Mo 113) 
were stirred in a large volume ( lo cc per » 
of flakes) of distilled water, and the mixture 
was adjusted to a pH of 6.7 with dilute 
sodium hydroxide. The resulting extract was 
pressed out in a small cider press and then 



TABLE I. , ^ ^ 

KITcc't of Viirious Siiybeaii rroi^oiii SiH)j ^mentaoii^vcrngc_^iiin_iii_Woiglit^ Yoiiiig B! it3^__^5^ ale3 + fl E oiiinlca p fr Gfn»_l’)_; 

Experiment No. — — 

^ I H lit 

;35 (l)iy test 28-(laj' test IS-diiy test 


Growth Inhibiting Substance in Raw Soybeans 


11 




15353 


iO 


Presence of a Growth Inhibiting Substance in Raw Soybeans. 

A. A. Klose, Barbara Hiee, and H. L. Fevold. 

From the Western Iler/mmI Jlesenrch Lahnratory, Atbaini, Califoniia, Bureau of Agricultural 
anil Jixhistrial Chemistry, Agnenltnral Be.ieareh Administratinn, Vnited States Vepartment of 
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The low nutritional value of raw soybean 
proteins and the marked improvement on 
heating have been recognized for some 
time;’’-"'* however, the fundamental mecha- 
nism by which this change takes place has 
not been satisfactorily explained. The ex- 
perimentally demonstrated effect of heating 
is to make the methionine of the protein 
nutritionally available. Johnson, Parsons, 
and Steenbock"* have shown that this effect is 
not brought about by increased absorption 
of the sulfur-containing amino acids but that 
heating apparently increases the utilization of 
these amino acids after absorption. Ham 
and Sandstedt”' and Bowman” have demon- 
strated the presence of a trypsin inhibitor in 
the pH 4.2-soluble fraction of unheated soy- 
bean flakes, and Ham and Sandstedt sug- 
gested its possible significance in relation to 
the poor biological value of the raw soybean 
protein. They were not able at that time 
to demonstrate any growth-inhibiting effect 
of the fraction containing the trypsin inhibitor. 

Recently, while this paper was in the 
process of review, a report by Ham, Sandstedt, 
and Mussehr appeared which extended their 

1 Daniel.s, A. h., .and Nicliols, N. B., J. Biol. 
Chem.. 1917, .12, 91. 

2 Ilaywarcl, .1. W., Stcciibock, II., and Bolistcdt, 

G. , J. Nutrition, 1930, 11, 219; 12, 275. 

2 Ilariv.aid, .1. W., Hatpin, .1. G., Holmes, C. E., 
Bolistedf, G., and Hart, E. B., Poultry Science, 
1937, 10, 3. 

J .lolinson, L. -At., P.irsons, H. T., Jind Stcciibock, 

H. , J. Xutritiou, 1939, 18, 423. 

r< Ham, AV. E., and .Saiid.stedf, H. Al., .7. Biol. 
Chem,, 1944, 1.14, 505. 

c Bowman, V. E., I’ROc. Soc. E.vp. Biol. a.xd 
AIed., 1944, .17, 139. 

7 Ham, W. E., .Sandstedt, R. At., and Alnsselil, 

E. E,, J. Biol. Chem., 1945, 101, 035. 


observations and established a growth-retard- 
ing effect on chicks of the pH 4.2-soIuble, 
acetone-insoluble fraction of soybeans. We 
had obtained similar results with rats, and 
these results are presented in this report. 

In connection with work in progress at the 
Northern Regional Research Laboratory, 
dealing with the effects of processing on the 
food value of soybean proteins, we have been 
investigating the effects of heating on the 
growth-supporting properties of the separated 
acid-soluble (pH 4.2) and acid-insoluble pro- 
teins. In this investigation it was found that 
the crude pH 4.2-insoluble protein still re- 
sponded to heat treatment by increased bi- 
ological value. However, when the unheated 
acid-soluble fraction was added back to the 
heated acid-insoluble protein, the growth-pro- 
moting property was again reduced to that of 
unheated soybean proteins. It is obvious 
therefore, that a growth-inhibiting substance’ 
is present in unheated soybean proteins which 
explains partially at least the nutritional 
inadequacy of raw soybean proteins 


. , . . lAawiei 

strain) were maintained on a stock diet o 

Purina Dog Chow Checkers supplementec 
with cod-hver oil and liver until they were 
approximately 40 daj^s of age and 90 .. ner 
rat in weight. Each litter was then divided 
equally as far as possible among the e.xperi 
mental groups of 10 rats each and fed the' 
corresponding diets and water ad libitum 
The soybean protein fractions were ore 
pared in the following manner: ..round' 
he.\-ane-extracted soj'bean flakes (Xo'^ 113 ) 
ivere stirred in a large volume (10 cc n 
of flakes) of distilled water, and the mK-turf 
was adjusted to a pH of 6.7 with dil 
sodium hydroxide. The resulting extract 
pressed out in a small cider press’ and thTn 
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Urinary Output and Phosphorus Excretion in Human Subjects During 
Prolonged Exposui-es at Low Simulated Altitudes.* 

Saving A. D’Angelo. (Introduced by Harry A. Charipper). 

From the Aero Medical Laboratory, i Wright Field, Dayton, Ohio, and the Department of 
Biology, Washington Square College of Arts and Sciences, Meto Yorl: Vniversity.% 


Among the many described effects of 
anoxia on the organism, those on the urinary 
secretion and the mineral metabolism are es- 
pecially difficult of interpretation. Van 
Liere' has reviewed the evidence bearing on 
the problem and has indicated its contro- 
versial status. In neither the lower mammal 
nor in man are the results in good agree- 
ment. The anesthetized dog generally dis- 
plays oliguria while breathing at reduced 
oxygen tensions equivalent to altitudes of 
14,000 ft. and above, yet considerable varia- 
tion and polyuria may occur.-'^-'* In the un- 
anesthetized animal at 18,000-20,000 ft. 
simulated altitudes polyuria appears to be 
the typical response.®’® Reports on the urinary 
output of the anoxic human being are also 
discordant. McFarland and Edwards' de- 

‘ These experiments were done at the Aero 
Aledical Lahoratory of the Engineering Division, 
Air Teclmical Service Command, wliile tlic author 
was assigned there as an aviation physiologist. 

i The author wislies to express appreciation to 
C. Kwoka and S. Kosky for technical assistance, 
and also to other enlisted personnel of the aero 
medical laboratory for their cooperation in this 
investigation. 

t Present address. 

1 Van Liere, E. J., Anoxia, Its Effect on the 
Body, Uuiv. of Chicago Press, Chicago, 1942. 

- Van Liere, E. J., Parker, A. S., Crisler, G. E., 
and Hall, J. E., Pnoc. Soo. Exp. Biol, and Med., 
1935, 33, 470. 

3 Toth, L. A., Am. J. Phy., 1937, 119, 127. 

I Malmcjac, J., J. Av. Med., 1944, 15, 1G7. 

3 Langley, L. L., and Clarke, E. W., Yale J. Biol. 
niui Med., 1942, 14, 529. 

« Lewis, K. A., Tliorn, G. W., Koepf, G. F., and 
Dorrance, S. S., J. Clin. Invest., 1942, 31, 33. 

■ McFarland, E. A., and Edwards, H. T., J. Av. 
Med., 1937, 8, 15C. 


scribed increased urine elimination in certam 
of the crew, but not the passengers, at the 
beginning of prolonged trans-Pacific flights 
at altitudes of 8,000 to 12,000 ft. The 
diuresis was marked in the chronic anoxia 
experiments of Armstrong and Heim.® Urine 
output was increased from 100 to 300% of 
normal in subjects maintained for 4 or 7 
hours daily at a 12,000 ft. simulated altitude. 
Bryan and Ricketts,® on the other hand, ob- 
tained essentially negative results at com- 
parable as well as higher altitudes (11,500- 
18,000 ft.) 

The scanty reports regarding the effect of 
altitude on the mineral metabolism are similar- 
ly conflicting. Acute anoxia in the dog pro- 
duces a pronounced increase in the renal 
excretion of sodium, potassium, chloride, as 
well as lesser increases in the excretion of 
nitrogen and phosphorus.®’® These changes 
do not occur in the human subject. The 
species difference is particularly marked as 
regards phosphorus metabolism. Sundstroem,®® 
Lewis et al.^ and Bryan and Ricketts® have all 
demonstrated that phosphorus excretion in the 
human being is decreased rather than in- 
creased in anoxia. The physiological sig- 
nificance of this effect is still unclear. The 
present study represents one phase of a re- 
search project investigating the physiological 
responses of the human subject during pro- 
longed e.xposures at moderately low simulated 
altitudes. The effects on the carbohydrate 

s Armstrong, H. G., Principles and Practices of 
Aviation Medicine, B.altimore, Williams and Wil- 
kins Co., 1939, 284. 

fBry.-m, H. A., and Eicketts, H. T., J. Clin. 
Endocrinol., 1944, 4, 450. 

10 Sundstroem, E. S., Dniv. California Publ. 
Physiol, 1919, 5, 121. 
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centrifuged in a Sharpies centrifuge to remove 
suspended insoluble material. A second ex- 
traction of the press cake was made in a 
similar fashion. The combined extracts were 
adjusted to pH 4.2 with dilute (liY) h5'dro- 
chloric acid. In Exp. I the pH 4.2-insolubIe 
material (No. 113 A) was centrifuged rela- 
tively free of filtrate and then dried in vacuo 
from the frozen state. In Exp. 11 the pH 
4.2-insoluble material was redissolved bj' ad- 
dition of alkali and reprecipitated at pH 4.2 
4 times, after which it was also dried by 
lyophilization. Sufficient ammonium sulfate 
was added to the combined supernatant fil- 
trates from the centrifugation to bring the 
'Concentration to 2.7 M. The resulting pre- 
cipitate (No. I13B) was separated by 
centrifugation, dialyzed in Visking casings 
against distilled water at 1°C until free of 
ammonium sulfate, and then dried in vacuo 
from the frozen state. An optimum heat 
treatment of the soybean protein was ac- 
complished by steaming in an autoclave for 
30 minutes at atmospheric pressure. . 

All diets were composed of 50% basal 
mixture, a percentage of protein supplement 
equivalent to 14.6% crude protein, and 
enough of a 50-50 mixture of starch and 
sucrose to make 100%. Crude protein per- 
centage was calculated by using 6.38 X % Y 
for casein and 5.71 X % for the soybean 
proteins. The basal mixture, making up 50% 
of each diet, contained (as percent of the 
complete diet) cottonseed (Wesson) oil S, 
V. S. P. cod-liver oil 2,34% tocopherol vegeta- 
ble oil concentrate 0.05, salt mixture (McCol- 
lum’s No. 185 -f trace elements) 4, corn 
starch 18.5, sucrose 18.5, brewers’ yeast 2, 
and (as mg per 100 g of the complete diet) 
choline chloride 50, thiamin chloride 0.2, 
riboflavin 0.5, pyridoxin 0.2, calcium panto- 
thenate 2.5, and nicotinic acid 1.0. 

Table I presents the results obtained on 
feeding the acid-soluble (pH 4.2) and acid- 
insoluble proteins in various combinations. 
The marked growth-retarding effect of the 


unheated, pH 4.2-soluble, 2.7 M ammonium 
sulfate-insoluble fraction when allowed to re- 
place 10% of the heated pH 4.2-insoluble 
fraction and the dissipation of the effect on 
heating, is at once apparent. It is also obvi- 
ous that the growth inhibitor is concentrated 
in the 10% of pH 4.2-solubIe protein, since 
the effect of the inhibitor contained in 10% 
of soluble protein, when introduced in the 
diet, is greater than that of the inhibitor 
contained in 10 times the amount of pH 
4.2-insoluble protein (compare 3, 4, and 5, 
E.xp. II); also, the inclusion of 10% of un- 
heated pH 4.2-insoluble protein results in no 
inhibition as compared to that produced by 
10% of unhealed pH 4.2-soluble protein 
(compare 4 and 8, Exp. III). The effect of 
the growth inhibitor is also demonstrated 
when included in a diet in which casein was 
the protein component (9, 10, and 11, E.xp. 
III). 

The question of the identity or non-identity 
of the tr^qisin inhibitor with the growth in- 
hibitor cannot be answered from the present 
data. The trypsin inhibitor is present in the 
acid-soluble fraction of soybean proteins, and 
the 2 may therefore be identical. Since the 
tryptic inhibitor has recently been isolated 
in crystalline form by Kunitz,® the question 
can best be answered by inclusion of the 
isolated substance in the diet. Such studies, 
together with further characterization of the 
growth-inhibiting substance, are under way 
and will be reported at a later date. 

Summary. A substance which inhibits 
the growth-promoting properties of proteins 
in rats is present in raw soybeans. The 
substance is non-dialyzable, precipitated by 
salt, and inactivated by heat. It appears, 
therefore, to be a protein, which has been 
shown to be concentrated in the acid-soluble 
(pH 4.2) fraction of the soybean protein. 
These results are in agreement with those pre- 
sented by Ham, Sandstedt, and Mussehl' for 
the chick. 

s Kunitz, Scimcc, 1945, 101, 66S. 
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.•\mong the many described effects of 
ano.ria on the organism, those on the urinary 
secretion and the mineral metabolism are es- 
pecially difficult of interpretation. Van 
Liere^ has reviewed the evidence bearing on 
the problem and has indicated its contro- 
versial status. In neither the lower mammal 
nor in man are the results in good agree- 
ment. The anesthetized dog generally dis- 
plays oliguria while breathing at reduced 
oxygen tensions equivalent to altitudes of 
14,000 ft. and above, yet considerable varia- 
tion and polyuria may occur.-’®-'* In the un- 
anesthetized animal at 18,000-20,000 ft. 
simulated altitudes polyuria appears to be 
the typical response."'® Reports on the urinarj' 
output of the anoxic human being are also 
discordant. McFarland and Edwards" de- 

* Tliese e.xperiments were dooe at the Aero 
Medical Laboratory of the Engineering Division, 
Air Technical Service Command, while tlie author 
wa.s assigned there as an aviation physiologist. 

t Tlie author wishes to express appreciation to 
C. Kwoka and S. Kosky for technical assistance, 
and also to other enlisted personnel of the aero 
medical laboratory for their cooperation in this 
investigation. 

t Present address. 

J Van Liere, E. J., Anoxia, Its Effect on the 
Body, Univ. of Chicago Press, Chicago, 1942. 

- Van Liere, E. J., Parker, A. S., Crisler, G. E., 
and Hall, J. E., Peoc. Soc. Ext. Biol, axd Med., 
1935, 33, 479. 

3 Toth, L. A., Am. J. Phy., 1937, 119, 127. 

I Malmejac, J., J. Av. Med., 1944, 15, 167, 

5 Langley, L. L., and Clarke, E. W,, Tale J. Biol, 
and Med., 1942, 14, 529. 

'• Lewis, R. A., Thorn, G. IV., Koepf, G. and 
Dorrance, S. S,, J. Clin. Invest., 1942, 21, 33. 

I McFarland, R. A., and Edwards, H. T., J. Av. 
Med., 1937, 8, 156. 


scribed increased urine elimination in certam 
of the crew, but not the passengers, at the 
beginning of prolonged trans-Pacific flights 
at altitudes of 8,000 to 12,000 ft. The 
diuresis was marked in the chronic anoxia 
experiments of Armstrong and Heim.® Urine 
output was increased from 100 to 300 % of 
normal in subjects maintained for 4 or 7 
hours daily at a 12,000 ft. simulated altitude. 
Bryan and Ricketts,® on the other hand, ob- 
tained essentially negative results at com- 
parable as well as higher altitudes (11,500- 
18,000 ft.) 

The scanty reports regarding the effect of 
altitude on the mineral metabolism are similar- 
ly conflicting. Acute anoxia in the dog pro- 
duces a pronounced increase in the renal 
e.\'cretion of sodium, potassium, chloride, as 
well as lesser increases in the e.xcretion of 
nitrogen and phosphorus."’® These changes 
do not occur in the human subject. The 
species difference is particularly marked as 
regards phosphorus metabolism. Sundstroem,^® 
Lewis ct al.^ and Bryan and Ricketts® have all 
demonstrated that phosphorus excretion in the 
human being is decreased rather than in- 
creased in anoxia. The physiological sig- 
nificance of this effect is still unclear. The 
present study represents one phase of a re- 
search project investigating the physiological 
responses of the human subject during pro- 
longed exposures at moderately low simulated 
altitudes. The effects on the carbohydrate 

s Armstrong, H. G., Principles and Practices of 
Aviation Medicine, B.oltimore, tVilliams .and WE- 
kuis Co., 1939, 284. 

»Bry.’m, H. A., and Ricketts, H. T., J. Clin. 
Endocrinol., 1944, 4, 450. 

10 Sundstroem, E. S., Vniv. California FuhX. 
Physiol, 1919, 3, 121. 
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and respiratory metabolism have already been 
reported.”’*" This investigation presents 
data on the urinary output and the renal 
excretion of phosphorus in individuals main- 
tained in the low pressure chamber at alti- 
tudes of 8,000 and 10,000 ft. for periods of 
10 hours without supplementary oxygen. 

Materials and Methods. The detailed pro- 
cedure for the experiment has been previously 
described.*" The data are based on a total 
of 72 man runs and represent additional 
measurements taken in the foregoing investiga- 
tion. Each of the 5 subjects received at least 
6 runs at ground level (800 ft.) and a mini- 
mum of S runs at the 8,000 or 10,000 ft. 
level. Flights were taken once weekly and 
alternated between altitude and ground level. 
Subjects reported to the laboratory in the 
■post-absorptive state. No attempt was made 
to control the amount nor composition of the 
meal taken at the regular mess 12-15 hours 
the evening before. Various metabolic meas- 
urements were made in the initial fasting state 
and all urine was voided at this time. Each 
subject was then given a standard K-ration 
breakfkst (884 cal.) with 250 cc of water. 
After consumption of this meal, the chamber 
was brought to the desired pressure altitude, 
and the subjects maintained there at rest for 
10 hours breathing ambient air and without 
food'.' 'Although water was allowed ad libitum 
in the major experiment, the present data 
are based on runs during which no water 
was taken throughout e.xposure. The control 
runs were done in the pressure chamber under 
otherwise identical conditions. Urine collec- 
tions were made at the end of the first, third, 
fifth, seventh, and tenth hours of exposure 
(the “first hour” collection period represents 
a 2-hour sample, that is, the time from 
which the initial fasting urine was voided to 
the end of the first hour of the e.xperiment 
proper) . Urinary phosphorus was determined 
by the method of Fiske and Subbarow.*-’ 
Results. Examination of the data in Table 
I reveals that the total output of urine at 


12 D’Angelo, S. A., Am. .T. Fhy., in press. 

1.1 Fiske, C. H., and Subbarow, T., J. BtoJ. Chcm., 
IBSo, 00, 375. 


both altitudes studied was not appreciably 
altered from the ground-level condition. The 
mean hourly secretion of urine (all subjects 
combined), as averaged for the entire e.x- 
posure period, was 55 cc at ground level as 
against 46 cc (2 subjects) and 59 cc at the 
8,000 and 10,000 ft. altitudes respectively. 
In only one individual (G. B.) was the urine 
volume consistently and significantly increased 
at altitude (10,000 ft.) The mean hourly 
secretion in this instance was 57 cc at ground 
level and 76 cc at altitude, a mean increase 
of 25,9% at the 10,000 ft. level. 


The characteristic feature of urine elimina- 


tion, as seen in this study, was the con- 
siderable degree of variation found in any 
individual at ground level or altitude. Urine 
volumes at corresponding time intervals 
varied widely in successive runs. As little 
as 200 cc or as much as 1200 cc of urine 
were voided over the entire 11-hour period 
on some occasions. The time in exposure 
at which maximal elimination occurred also 
differed among subjects. The highest 
rates of urine output were found within the 
first half of the e.\posure period at ground 
level or altitude, and very likely represented 
the elimination of the v’ater ingested with 
the standard breakfast. There was no evi- 
dence to indicate that significant differences 
existed between ground level and altitude as 
regards urinary output in early as against 
late exposure. Total urine elimination for 
the entire experimental period was of the 
same order of magnitude in all subjects. 


. , , — pnospnoru 

was significantly decreased in all subjects a 
altitude (Table II). The reduction bore m 
apparent relationship to urine volume (Tabli 
1). The mean total phosphorus output fo 
the entire exposure period (all subjects com 
bined) was 332 mg (range, 259-392 ma) a 
ground level, 244 mg (range, 227-261 '’mel 
at 8,000 ft., and 233 mg (range, 195-298 mErl 
at the 10,000 ft. level. These values re^ 
sent a mean decrease from the ground level 
excretion of 29.4% and 22.6% at the hiaher 
and lower altitude respectively. Fisurec 
the 8,000 ft. level are based on determina 
lions made m 2 subjects only, in one of 
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TABLE I. 


Urinary Output at Ground Level and Altitude Avith Exposure Time. 


Subject 

Time 

(hr) 

Ground level (SOO ft.) 

8,000 ft. 

10,000 ft. 

Vol. (cc) 

Rate} 

(cc/lir) 

Yol. (cc) 

Rate 

(cc/br) 

Vol. (cc) 

Bate 

(cc/hr) 


«■ 

IF-1 

i 

123±32 


152±33 


153±54 

s 

R.B. 

1-5 

262 ±43 


235±18 


302±74 



5-10 

1S4±25 

52 

19G±44 

53 

19S±40 

59 


IP-1 

55±27 




54±24 


S.K. 

1-5 

4.52±112 




456±135 



5-10 

188±48 

63 



164±42 

61 


IP-1 

86±21 


S4±17 


65±4S 


L.K. 

1*0 

030-f.OO 


176±48 


254±34 



5-10 

242 ±52 

51 

172±50 

39 

242±G4 

51 


IP-1 

151 ±49 




130±35 


G.B. 

1-5 

26G±50 




316±52 



5-10 

206±22 

57 



394±47 

76 


IP-1 

74±22 




C6±18 


C.K. 

1-5 

237 ±30 




2 12 ±40 



5-10 

2 75 ±42 

53 



279±31 

51 

Combined avg 


55 


4G 


60 


* Represents a 2-liour interval ivliicli iiicindes an hour period at ground level when initial 
fasting determinations were made and breakfast consumed, and the first hour of the experi- 
mental period proper. 

t Represents the mean urine volume i the standard deviation. 

} Refers to the mean hourly secretion of urine over the 11-hour period of observation. 


TABLE II. 


Phosphorus Excretion at Ground Level and Altitude with Exposure Time. 


Subject 

Time 

(hr) 

Ground level 

S.OOO ft. 

10,000 ft. 

% decrease 
at alt. 

8,000 10,000 

P. excr. 
(mg/!ir) 

Total' 

P.t 

t 

P. cxcr. 
(mg/hr) 

Total 

P. 

f 

P. exer. 
(mg/hr) 

Total 

P. 


IP-1 

30.8(2.3)* 


29.3(3.6) 


23.4(4.3) 




R.B. 

1-5 

29.4(2.6) 


20.0(3.9) 


17.7(3.4) 





5-10 

38.4(2.0) 

371 

19.6(.5.1) 

227 

20.8(2.3) 

226 

38.9 

39.2 


IF-1 

7.5 (2.0) 




10.0(0.8) 




S.K. 

1-5 

27.9(3.6) 




20.1(2.1) 





5-10 

26.5(1.7) 

259 



20.6(2.3) 

203 


21.5 


IP-1 

18.3(2.9) 


28.4(2.6) 


16.1(3.5) 




L.K. 

1-5 

20.3(2.3) 


15.1(2.5) 


1.5.5(2.0) 





5-10 

.32.1(2.6) 

278 

2S.7(.5.6) 

261 

20.1(1.4) 

195 

li.3 

30.0 


IF-1 

23.6 f 4.1) 




22.2(2.5) 




G.B. 

1-5 

32.3(3.0) 




23.0(3.5) 





510 

42.3(3.2) 

392 



32.3(2.9) 

298 


23.9 


IP-1 

15.0(2.1') 




12.5(2.2) 




C.K. 

1-5 

2.3.G(4.1) 




20,5(3.2) 





o-lO 

47.4(3.2) 

361 



27.6(3.3) 

245 


32.2 

Combined avg 


3.32 

.. 

244 


233 


29.4 


* Represents the mean rate of plmsphonis e.xcretion. and in parentheses, the st.andard error 
of the mean. 

t Refers to the total phosphorus excretion for the 11-hour period. 
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whom phosphorus excretion was just slightly 11-hour period should reveal anv existing 

dunimshed. of moderately low altitude on urTnary 

Excretion rates at ground level increased output. There was no indication that at 
with exposure time so that the phosphorus altitude an initial polyuria occurred wh,Vh 
content of urine was substantially greater was subsequently compensated for bv ohVul 
during the last half of the experimental period, as may occur in the rat Silvette^’H^.rrS 
Thtc .•nrr.=,cp with ^ n^g^ked and Sustained polyuria in rats 

at 15,000 and 

/a,UU 0 ft., whereas, Swann and colleagues”'’'^ 
found no appreciable change in urine output, 
despite negative water balances, in longer 
exposures (6-24 hours) at an 18,000 ft. level. 
It becomes evident as studies on annvi'a 
values at 8,000 ft approximated tho^ at continue that physiological changes begin'to 
the higher level and were significantly lower occur in the body at altitudes lower than 
than those at ground level for corresponding previously thought. The present studv in 

dicates that' the renal excretion of phosphorus 
may e affected at altitudes as low as 8,000 
it \\ e can advance no explanation for this 
effect at present. Since it is elicited at ground 
level brea hing appropriate nitrogen-o.xy-en 

rlT’ 'J “ «Wtotabla to 

tban Ihe reduced 


This increase with continuing exposure was 
either lessened or abolished at altitude, the 
diminution becoming apparent at either al- 
titude level within the first half of the ex- 
posure period. Aside from relatively high 
values of phosphorus excretion during the 
first-hour interval in one subject, subsequent 


barometric pressure ter sp ® in 

?^-keUs" the excrX 


time intervals. 

Discussion. The results of these experi- 
ments indicate that urinary water secretion 
is not appreciably affected in the resting 
subject during prolonged exposures at moder- 
ately low altitudes. These findings are in 
accord with those of Bryan and Ricketts® 
at higher altitudes but fail to confirm the 
results of Armstrong and Heim® at the 12,000 
ft. level. The former group e.xposed sub- .of phosphorus was defteTtelv decr^QP^T*” 
jects to altitude pressures of 11,500, 16,600 the urine passed at altitude but th t, 
and 18,000 ft., for 4 to 6 hours, 6 days a output was unchanged. Urinarv ca^r" ' 

week, from 4 to 6 weeks under controlled creased also, but in a manner unre/"t”4 T 
metabolic conditions. In only one individual phosphorus. ^ ^ ° 

was there a significant increase in the volume Whether or not the diminished • f 
of urine passed at altitude (16,600 ft.) Me- of phosphorus is primarily a reflecf^^''*^V°" 
Farland and Edwards’ did describe increased acid-base shift in the anoxic ° 

urine elimination in actual flight at altitudes 
comparable to those in this study. The 
polyuria, however, was best associated with 
the nervous tension of piloting the ship. Diet 
and fluid intake, moreover, were not con- 
trolled. 

The considerable variation found in the 
output of urine, despite controlled conditions 
of food and water intake, indicates the im- 
portance in studies such as these of making 
sufficient measurements over reasonably long 
periods of observation. In this regard, it 
must be stated that the 24-hour urine volume 
was not determined, nor was the fluid intake 
for each subject known prior to the experi- 
mental period. It is believed, however, that 
determination of the urine volume over an 


whether it fundamenta:r^eSf 
change in the intermediary metahnU 
clear. Alteration in phosphate i? "’ 
of the body fluids in acidodc anH^" n f 
states is well established The - 
lationship between phosphorus and 
drate metabolism is also well 
needs no elaboration here T u,-™’ 
the phosphorus e.xcretion could" 

related directly with changes in thp ^ 

metabolism.” Although ohn^nL 

was decreased to a greater 
. extent in sub- 

n Silvette, H., Am. pi,y^ IfljTTrT; 

13 Swum, H. G., Ceilings, Iv n m’- 

..;i n tt c*..-. ' * J. 


and Denielil, C. TJ., 


Science, 1942 


ifi Ceilings, W. D., Swann, H 'S 

.and Cline, .T. K., Fed. Free., 1943’ C. U., 


1943, 2, 7. 
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Jects showing respirator}' alkalosis, it ap- 
pears significant that in the one subject 
(S. K.) displaying no change in respiration 
urine phosphorus was appreciably diminished. 
The changes in the renal excretion of inor- 
ganic phosphorus may well reflect some change 
in the carbohydrate metabolism. Leipert and 
Kellersman^' found in human subjects at 
5500-6200 meters that a decrease in the 
phosphorus of blood and urine was com- 
pensated for by an increase of phosphate 
ester in the blood, an effect further augmented 
by glucose. Similar changes in rats could 
be correlated with greatly increased liver 
glycogen. Whether this relationship e.xisted 

1" Leipert, T., and Kellersman, E., Z. Physiol. 
Chem., 1942, 270, 214. 


in the present e.xperiments at moderately low 
altitudes cannot be stated. In this connection, 
it was found that the blood sugar level re- 
mained unaffected at the 8,000 and 10,000 
ft. levels.^^ 

Conclusions. 1. No appreciable change in 
total urine output from ground level values 
was found to occur in human subjects during 
prolonged e.xposures to simulated altitudes of 
8,000 and 10,000 ft. under conditions of re- 
stricted food and water intake. 

2. The renal excretion of phosphorus was 
significantly decreased at altitude. 

3. These experiments indicate that altera- 
tion in the mineral metabolism may occur 
in the unacclimatized human being at altitudes, 
as low as 8,000 ft. 
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Blood Agglutinins in Filariasis. 

M. B. Franks.* (Introduced by H. M. Zimmerman). 
From the United States Xaral iledieal Peseareh Unit Xo. S.t 


In a recent study of filariasis on Okinawa,^ 
data on the frequency distribution of the 
B blood groups were collected. Certain 
differences in the frequencies of the blood 
groups, in comparison to the systematic varia- 
tion in the general population, were noted to 
occur in filarial patients who had circulating 
microfilariae; these differences warrant a 
brief note at this time. 

The blood-group percentages of 1,000 per- 
sons from the villages of Fukeyama, Jinusza 

* The writer is indebted to Comdr. Harold 
Fink, MC, TJSXR, who rechecked the blood gronp 
typings on all of the filarial patients, and who is 
responsible for the compilation of the A, B blood 
group percentages of the Okinawans. 

t The Bureau of Medicine and Surgery of the 
United States Xarr does not necessarily under- 
take to endorse the views expressed in this paper. 

1 Franks, M. B., Chenoweth, B, M., Jr., and 
Stoll, X. E., xlm. J. Trop. 1946, in press. 


and Soke- (approximately 5% of the popula- 
tion) were compared with the frequency dis- 
tribution of the A, B blood groups in 180 
persons, from the same villages, who had 
circulating microfilariae. The degree of micro- 
filaremia was determined by dilution count- 
ing' and its relationship to the blood group 
percentages was also studied. As noted in 
Table I, the incidence of filaremia is greater 
in persons whose sera contain no natural 
antibody to group A red blood cells. When 
the data were examined without reference 
to the variables that influence the degree of 
filaremia, it was found that persons whose 
blood did not contain a-agglutinins had, as a. 
rule, higher microfilaria! counts. High a- and 
^-isoagglutinin titers (800-1600) were ob- 
sert'ed in the sera of many filarial patients, 
even in those who did not have microfilaremia. 
In several instances, the sera contained ag- 


2 Fink, Harold, report to Le submitted. 
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TABLE I. 


Frcquciick’s of tlio A, B Blootl Groups in Porsons witli Jlicrofiliiicniin Compared with tlie 
Systematic Variations in the Frequencies of the Blood Groups on Okinawa. 



A 

AB 

0 

B 

% in 1,000 Okiiiiiwjins* 

40.8 

8.3 

.31.8 

19.1 

% ill 180 iicrsons witli filamnia 
t Statistical significance 

52.0 

10.3 

25.9 

Possibly 

11.8 

of diffcicncPs 

Significant 

Not significant 

significant 

Significant 


* Comdr. Fink has .since done 500 additional tj-pings from these villages without any ap- 
preciable change in percentages given here. 

i The odds against the occurrence of the differences in the ratios arising by chance alone 
are appro-vimately 40 to 1 for A, 1 to 1 for AB, 10 to 1 for O, and 140 to 1 for B. 


glutinins active for the agglutinogens present 
in their cells. One group A and 4 group AB 
patients gave anomalous reactions of this type. 
The a-agglutinins were found in 4 of these 
cases and were present in low titer. 

The possible physiological function of the 
blood group substance is not known. The 
serological relationship of A substance to 
some bacterial carbohydrates suggests that 
the blood group substances may have an im- 
munological role. However, there is no e.\-- 
perimental evidence that one blood group or 
type enjoys any advantage over the other 
in this respect. 

Oliver-Gonzalez'''-* has been able to dem- 
onstrate that the polysaccharides of several 
helminths (originally isolated by Campbell 
from Ascaris himbricoides) inhibits the a- and 
;3-agglutinins of human sera. Although a 
similar polysaccharide has not been isolated 
in the filarid, it is possible that such a sub- 
stance related to the blood group substancp 
e.Nists and might account for the relationship 
noted above in the filarial patients. In an- 
other e.xperiment, Oliver-Gonzalez" reported 
extraordinarily high isoagglutinin titers in 

“7ob^Gon-/.alez, .lose, J. Infcci. Dh., 19W, 

-I Olivei-Gone, .lose, .uid Tovregvosu, M. 
/iifiTl. UIk; 1944, 74, 173. 

.-.Oliver-Gonzalez, .To.se, .and Mcmtilla, E., Pboc. 
Soc. Exi>. Biol, and IIed., 1944, .’50, 109. 


malaria patients with blackwater fever, sug- 
gesting that the malaria parasite contains 
blood group substances or related antigens. 
Heidelberger and Mayer" recently noted that 
persons of blood group 0 or B, who were 
vaccinated with malaria parasites, were more 
likely to cease relapsing than persons of blood 
group A or AB. They also demonstrated 
significant rises in agglutinin titers of the 
blood group 0 or B volunteers whom they 
injected with malaria vaccine prepared from 
infected 0 or B blood. Control subjects in- 
jected with normal human blood group 0 
stromata showed no changes in their a-ag- 
glutinin titers. 

The data here are not detailed enough to 
determine the immunological significance of 
the presence of autoagglutinins in the 5 sera 
from filarial patients. An attractive hy- 
pothesis is one that provides for the pro- 
duction of the agglutinin as the result of the 
stimulation by a blood group-like substance 
in the filarid. However, our present knowl- 
edge lends no support to such a view. The 
data are difficult to assess, but the suggestion 
that there might be a relationship between 
the natural antibodies of the red blood cells 
and the antibodies that have a selective action 
on an organism, indicates the desirability of 
adding information along these lines. 

•: Hculclbi'i-RCr, MU-Ii.di'I, niui yUixcr, Jfanfred, 
A. Jl. C. nttUctin on iUtlarin lle.smrch, SeptombDr 
20, 1944. 
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Toxicity of Nicotinic Acid and Some of Its Derivatives. 


Fred G. Brazda and R. A. Coulson. 

From the Department of Bioehemistni, Louixiana State Vnirerxiti/ Sctiool of Meclieine, 

Xae Orleans. 


Handler and Dann’ observed that the in- 
corporation of large amounts of nicotinamide 
into the diet caused a decreased growth rate 
in young rats whereas nicotinic acid and 
trigonelline had little effect. It was concluded 
that the decreased growth rate was due to 
the depletion of the stores of methionine 
(which was deemed essential for the methyla- 
tion of nicotinamide) since in the process of 
deto.xication nicotinamide was methylated and 
excreted as what appeared to be trigonelline. 
Later investigations- indicate that the princi- 
pal detoxication product is more probably 
nicotinamide methochloride (N'-methylnico- 
tinamide). 

The marked to.xicity of nicotinamide when 
administered subcutaneously leads one to sus- 
pect that the molecule itself exerts a toxic 
action which is independent of the effect of 
the compound on the depletion of the stores 
of “meth\d donors.” To determine the in- 
fluence of molecular configuration on to.xicity 
highly purified preparations of pyridine, 
nicotinic acid (as the sodium salt), nicotina- 
mide, coramine (N,N-diethylnicotinamide), 
and the respective methyl derivatives of these 
compounds were administered subcutaneous- 
ly to young rats of both sexes weighing be- 
tween SO and 100 g. The dose needed to 
kill one-half of the animals in each group 
was determined. The results appear in Ta- 
ble I. 

Methylation decreases the toxicity of cora- 
mine and nicotinamide, increases the toxicity 
of pyridine and has little or no apparent in- 

1 Hnndlor, P., .nnd D.imi, \V. J., J. Biol. Chem., 

1942, 14(5, 357. 

- Iliifr, J. IV., ,'iiid PerlzH'cig, IV. Seieiice 

1943, DT, ,j3S; Ellingcr, P., and Coulson, K. A., 
Xatiire. London, 1943, 152, 3S3. 


TABLE I. 


Relative Toxieity of Some Derivatives of Pyridine 
(Subcutaneous Injection). 



Relative-order 

g/kilo 

of toxicity 


Pyridine 

1.00 

5.00 

Pyridine met lioeliloride 

0.28 

17.9 

Xieotinie acid 

5.0 

1.0 

Trigonelline 

5.0 

1.0 

Xieotiiiamide 

1.08 

3.0 

Xicotiiiamide 



meflmeJiloride 

2.40 

2.08 

Coramine 

0.24 

20.8 

Cor.amine mctliocliloride 

1.90 

2.63 


*LD.-,(, =: dose needed to kill one-Iialf of the 
animals. 

fluence on the toxicity of nicotinic acid. It 
is certain that methylation is not the only 
factor concerned in. the toxicity of these com- 
pounds since nicotinamide methochloride is 
more toxic than nicotinic acid. If pyridine 
is methylated in the rat as it is in the dog"”* 
this is an example of the conversion of a 
toxic compound into one which is even more 
toxic in the process of “detoxication.” 

Nicotinamide, coramine and the methyl 
derivatives of these compounds cause paralj'- 
sis of the respiratory center when administered 
in large doses. The injection of pyridine 
and pyridine methochloride in amounts slight- 
l)" below the lethal dose produced a deep 
anesthesia of about 2 hours’ duration. These 
compounds had no apparent effect on respira- 
tion. Trigonelline and nicotinic add have 
such a low order of toxicity that an accurate 
estimation is impossible since in the massive 
doses employed the principal effect may be 
due to the administration of large amounts 
of hypertonic solutions. 

With regard to the effect of the configura- 

3 His, W., Arch. exp. Path. n. Pharm., 1SS7 22 
253, 
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TABI/E I. 

Frequencies of the A, B Blood Groups in Persons ivitli Jlicrofilarcinia C^onipared rvitli the 
Systematic Variations in the Frcqncncies of the Blood Groups on Okinawa. 



A 

AB 

0 

B 

% in 1,000 Okinnw.nns* 

40.8 

8.3 

31.8 

19.1 

% in 180 persons with filareniia 
{Statistical significance 

52.0 

10.3 

23.0 

Possibly 

11.8 

of differences 

Signifiennt Not significant 

significant 

Significant 


* Comdr. Fink lias since done 500 additional typings from these villages without any ap- 
\ preciable change in percentages given here. 

t The odds against the occurrence of the differences in the ratios arising hy chance alone 
are approximatclv 40 to 1 for Aj 1 to 1 for AB, 10 to 1 for Of and 140 to 1 for B. 


glutinins active for the agglutinogens present 
in their cells. One group A and 4 group AB 
patients gave anomalous reactions of this type. 
The a-agglutinins were found in 4 of these 
cases and were present in low titer. 

The possible physiological function of the 
blood group substance is not known. The 
serological relationship of A substance to 
some bacterial carbohydrates suggests that 
the blood group substances may have an im- 
munological role. However, there is no ex- 
perimental evidence that one blood group or 
type enjoys any advantage over the other 
in this respect. 

Oliver-Gonzalez'''-* has been able to dem- 
onstrate that the polysaccharides of several 
helminths (originally isolated by Campbell 
from Ascaris lumbricoides) inhibits the a- and 
B-agglutinins of human sera. Although a 
similar polysaccharide has not been isolated 
in the filarid, it is possible that such a sub- 
stance related to the blood group substances 
exists and might account for the relationship 
noted above in the filarial patients. In an- 
other experiment, Oliver-Gonzaier’ reported 
extraordinarily high isoagglutinin ‘iter^n 

~7oiivci-Gonzr^^ Bis-, 1944, 


74, 81. 

rOUvcv-Gouzalcz, Jose, .and Torrcgi-osa, ^ 
j Infrcl. Bis., 1944, 74, 173. 

.'.OUvcr-GonzaIcz, Jose, and Montilla, E., PROC. 
soc. EXP. BIOL. .VNU 5IRP-, 1944, 56, lOJl. 


malaria patients with blackwater fever, sug- 
gesting that the malaria parasite contains 
blood group substances or related antigens. 
Heidelberger and Mayer® recently noted that 
persons of blood group 0 or B, who were 
vaccinated with malaria parasites, were more 
likely to cease relapsing than persons of blood 
group A or AB. They also demonstrated 
significant rises in agglutinin titers of the 
blood group O or B volunteers whom they 
injected with malaria vaccine prepared from 
infected 0 or B blood. Control subjects in- 
jected with normal human blood group 0 
stromata showed no changes in their a-ag- 
glutinin titers. 

The data here are not detailed enough to 
determine the immunological significance of 
the presence of autoagglutinins in the S sera 
from filarial patients. An attractive hy- 
pothesis is one that provides for the pro'- 
duction of the agglutinin as the result of the 
stimulation by a blood group-like substance 
in the filarid. However, our present knowl- 
edge lends no support to such a view. The 
data are difficult to assess, but the suggestion 
that there might be a relationship between 
the natural antibodies of the red blood cells 
and the antibodies that have a selective action 
on an organism, indicates the desirability of 
adding information along these lines. 

ft HcidribergPT, Jtieliavl, aiul yfayc-i-, Jlanfred 
A'. B. C. Jlullclin an llainria Bcser.r,;,, .September 
20. 1944. 
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Distributiox of DDT ix 
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Fig. 1. 

Distribution of DDT in brain, kidney, liver 
and adrenals of rats after ingesting diets con- 
taining 0.1 and 0.2% DDT. 

DDT was determined by the Schechter- 
Haller" colorimetric method. Both adrenals 
and aliquots of kidney, liver and brain ex- 
tracts were used for anatyses. The Eveljm 

• Sehechter, il. S., Soloway, S. B., Hayes, H. A., 
and Haller, H. D., Ind. and Eng. Chem., ^Inatyf. 
Ed., 1945, 17, 704. 


Tissue .After Ixgestiox 

photometer with filter No. 600 was- used. 
Standard solutions of DDT were analyzed 
with each set of determinations to serve as 
checks for accuracy of the analysis. 

RcstiUs. The results of the analyses are 
shown in Fig. 1. The tissues of animals 
fed the diet containing 0.1% DDT store small 
amounts of the agent and the concentrations 
of DDT remain constant during the 5-l5-day 
period of obsen'ation. The animals gained 
weight despite the characteristic tremors 
while on this experimental diet and no deaths 
occurred during the period of observation. 

The DDT concentrations of the brain and 
kidne\- of rats on the diet containing 0.2% 
DDT increase slightly on the 7th and 11th 
days. It is surprising that the brain, which 
is rich in total lipids, stores onh' a small 
amount of DDT. The concentration in the 
liver appears to reach a maximum on' the 
4th day. There is a marked and significant 
increase in the DDT concentration in the 
adrenals which reaches its maximum on the 
11th day. The adrenals are comparatively 
rich in lipids, but no data concerning the 
changes in the amount and character of these 
lipids are available. .All animals lost weight 
and approximately half died during the first 
9 days. 

Summary. The DDT contents of the liver, 
kidney, brain and adrenals of rats fed diets 
containing 0.1% and 0.2% DDT were de- 
termined at various intervals. 

The amounts of this agent stored in the 
respective tissue reaches a maximum within 
a few daj’s and remains at a constant level 
in animals fed 0.1% DDT. The greatest 
concentration was noted in the adrenals. 

The concentrations of DDT in the brain, 
liver and kidney of rats fed 0.2% DDT in- 
crease slightly and progressively with time. 
The concentration of this material is marked- 
ly increased in the adrenal at the time when 
the animals are severely intoxicated. 
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tion on the position of pyridine it is evident 
that the presence of the carboxyl group de- 
creases the toxicity of the molecule. Con- 
version of this group to the simple amide 
markedly increases toxicity; the presence of 
a substituted amide on this position increases 
the toxicity so that it exceeds that of the un- 
substituted pyridine. The high toxicity of 
coramine suggests the necessity for caution 
in its administration. 

Summary. The relative toxicity of sub- 
cutaneous injections of nicotinic acid, nico- 


tinamide, coramine, pyridine and their re- 
spective methyl derivatives has been deter- 
mined. Methylation decreases the toxicity 
of coramine and nicotinamide, increases the 
toxicity of pyridine and has little or no ap- 
parent influence on the toxicity of nicotinic 
acid. The toxicity of the non-methylated 
compounds appears to be due directly to the 
structure of the compounds rather than to 
the depletion of the body stores of methyl 
donors in the process of detoxication. 


15357 

Distribution of 2,2 (p-Chlorophenyl) 1,1,1 Trichlorethane (DDT) in 
Tissues of Rats after Its Ingestion.* 

Stephan Ludewig and Alfred Chanutin. (Introduced by H. E. Jordan). 
From the Biochemical Laboratory, University of Virginia, Charlottesville. 


The data for the distribution of DDT in 
tissues of experimental animals fed DDT are 
limited. Smith and Stohlmann^'^ analyzed 
blood, kidney, liver, central nervous-system 
and bile after acute and chronic poisoning in 
rabbits and cats by determining organic 
chloride. The highest DDT concentration 
was observed in the bile. Laug® -determined 
the DDT concentration in tissues of rats fed 
on diets containing small amounts of DDT 
for periods varying from 6 months to 2 years. 
By far, the greatest amount of DDT was 
found in perirenal fat. In spleen, liver and 
kidney, the amount of DDT stored appeared 
to be roughly proportionate to the amount 
of total ether extractable-material in these 
organs. Woodward^ studied the DDT con- 
centrations in tissues of a chronically poisoned 
dog, monkey, pig and turkey. 
concentration of DDT was fo und m fat; the 

AXedie,-.! Division of tl>e Clmmical Warfare Service 

1 Smith, M. I., and Stohlman, E. F., Fnb. Health 
p/’ti 1044 oO. 984. 

' 2 Smitli,’3I. I., and Stolilinan, E. F., Pub. Health 

Jlcp., 1945, 00, 289. 

3 Lang E. P., personal communication. 

4 Woodward, G., personal communication. 


adrenals of the dog and the monkey con- 
tained appreciably larger amounts of DDT 
than the liver, kidney and brain. 

The distribution of DDT in the brain, 
liver, kidney and adrenals of rats fed diets 
containing 0.1 and 0.2% DDT was determined 
at frequent intervals. 

Methods. Inbred male rats of Wistar stock, 
60 to 70 days old, and weighing 150-200 g 
were used as e.\perimental animals. They 
were maintained on a stock diet until the 
experimental diet was fed. The diet con- 
tained 20^ casein (Labco), 8^ crisco, 4% 
inorganic salt,= 65% sucrose, 2% agar, ’vita- 
min supplements and 0.1 or 0.2% DDT 
(M.P. 108.6-109.5 ). The animals were fed 
ad libitum and were sacrificed at frequent 
intervals. After nembutal injection, the ani- 
mals were e.xsanguinated and the tissues im- 
mediately removed for the DDT determina- 
tion. 

The tissues were prepared for analysis ac- 
cording to Ofner’s® recommendation and the 

3 Osborne, T. B., .nnd Mendel, L. B., J. Sigl 
Client., 1913, IS, 317. 

c OSRD Insect Control Committee, Report 
No. 65. 
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Fig. 1. 

Distribution of DDT in brc-iin, kidneT, liver 
and adrenals of rats after ingesting diets con- 
taining 0.1 and 0.2% DDT. 

DDT was determined by the Schechter- 
Haller' colorimetric method. Both adrenals 
and aliquots of kidney, liver and brain ex- 
tracts were used for analyses. The Evelyn 

> ScliccUtcr, II. S., Soloway, S. B., Hayes, E. A., 
and Haller, H. L., Ind. and Eng. Chem., Analyi. 
Ed., 1945, 17, 704. 
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photometer with filter No. 600 was - used. 
Standard solutions of DDT were analyzed 
with each set of determinations to serve as 
checks for accuracy of the anal 3 'sis. 

Rcsiilts. The results of the analyses are 
shown in Fig. 1. The tissues of animals 
fed the diet containing 0.1% DDT store small 
amounts of the agent and the concentrations 
of DDT remain constant during the 5-15-day 
period of observ^ation. The animals gained 
weight despite the characteristic tremors 
while on this experimental diet and no deaths 
occurred during the period of observation. 

The DDT concentrations of the brain and 
kidney of rats on the diet containing 0.2% 
DDT increase slighth’- on the 7th and 11th 
dai’S. It is surprising that the brain, which 
is rich in total lipids, stores onl}^ a small 
amount of DDT. The concentration in the 
liver appears to reach a maximum on' the 
4th day. There is a marked and significant 
increase in the DDT concentration in the 
adrenals which reaches its maximum on the 
11th day. The adrenals are comparativelj” 
rich in lipids, but no data concerning the 
changes in the amount and character of these 
lipids are available. All animals lost weight 
and approximately half died during the first 
9 daj’s. 

Sintimary. The DDT contents of the liver, 
kidnej% brain and adrenals of rats fed diets 
containing 0.1% and 0.2% DDT were de- 
termined at various intervals. 

The amounts of this agent stored in the 
respective tissues reaches a maximum within 
a few daj's and remains at a constant level 
in animals fed 0.1% DDT. The greatest 
concentration was noted in the adrenals. 

The concentrations of DDT in the brain, 
liver and kidnej' of rats fed 0.2% DDT in- 
crease slightly and progressively with time. 
The concentration of this material is marked- 
1}' increased in the adrenal at the time when 
the animals are severely intoxicated. 
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Age and Species Variation >'^^0 Acute Toxicity of Alpha-Naphthyl 


Sally H. Dieke and Curt P. Richter t 

Fro,,. 17,0 Ps,c,oViolo,i.al Laboratory, LMpys PsycMatrie Clinic, Tbe Johns Uoplins Sospifal 

Baltimore, MJ. ^ ’ 


The general properties of a-naphthyl 
thiourea (ANTU) have been described in a 
previous paper, ^ in which it was shoira that 
this substance, besides being an effective 
poison for the field control of Norway rats, 
has interesting possibilities as a tool for re- 
search because of its actions leading to pul- 
monary edema, increased lymph flow- and 
other physiological and anatomical effects."’-’* 
The present work was performed to eluci- 
date the practical questions of whether ANTU 
is toxic to other animals than Norway rats 
and would therefore present hazards in use, 
and also whether, as was indicated, in field 
trials, young Norway rats are less susceptible 
than adults. Differences between males and 
females were sought at the same time. 

Although our primary objectives were prac- 
tical ones, bearing on the use of ANTU as 
a rodenticide, the results obtained are pre- 
sented here because of the many applications 
of ANTU and other thiourea derivatives to 


various fields of research. 

Age and Sex Variation in Rats~WM Nor- 
way rats were chosen for test animals, be- 
cause of the large strain differences in re- 
sponse to thiourea poisoning which had been 
found between wild and laboratory rats,^ 
and which it was felt might exist for ANTU 
as well. 

The rats were all wild brown Norways, 
rapped m the alleys and back yards of Balti- 

"’v R in special wooden box traps 

which have been described elsewhere." They 
were predominantly from residential districts. 
Care was taken to use only rats trapped in 

SlT poisoning with 

ANTU had been done. All rats (except 

were held in the 

pmg to allow them to recover from that 
ordeal and to make sure they were iSal hv 
During this period they were fed Pula fox 
chow cubes and had access to an ample water 


^ This work w-is hegun under 3 contract, recom- 
mended by file Gonimittee on Medical Kesearcli, 
between the Office of Scientific EeseareU and De- 
velopment and the Johns Hopkins University, and 
completed under a contr.ict between the Chemical 
Warfare Service and the Johns Hopkins University. 

t We arc indebted to Dr. E. B. Astwood in 
Boston for sending us the rats from his colony 
used in eompar.ative to-vicit.v tests, and to Mr. H. 
J. Spencer of the Pish and Wildlife Service in 
Gainesville, Florida, for trapping and shipping to 
us n number of wild AIe.vandrine rats. 

1 Bichter, C. P., J. Am. Hied. Assn., 1945, 129, 
927. 

2 Drinker, C. K., Pulmonary Edema and Inflam- 
mation, Harvard University Press, 1945, 39-43. 

3 Du Bois, K, P., Fed. Froc., 1946, 3, 174. 

•tMcCiosky, W. T., and Smith, M. I., Pi/VUc 

Health Hep., 1945, CO, 1101. 


administered by intraperitoneal ^i^;^ Z 
dose being adjusted to body weigh by rivLg 
a volume corresponding to 0.1 cc Z w ! 
body weight. The rats were not 
they were, towever fnjecM i„ ,he 

'.»= “/ 

To restrain the rats for wpioh;„ ^ • 
jecting use was made of the “soc^’ H 

by Emlen." This device mad.^ -t 

’t possible to 

5 Dieke, S. H., .and SiehtZZZ^~D 
Bxp. T/icrap., 1945, 83, 195 .’ ' and 

fi Bichter, C. P., and Emlen, J t t 
llealt/i llcp., 1945, CO, 1303. ' ’ 

TEmlon, J. T., Jr., J. irildliu 
1944, 8, 264. ^ ^<‘nagement, 
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TABLE I. 


Age and Sex Variation in Susceptibility of Wild Norway Rats to ANTU Poisoning. 


tVt. range 
(g) 

Age 

No. rats used 

Male Female Total 

Average body wt. 
(g) ■ 

LD-o ± S.E. 
(mg/kg body wt.) 

0- 50 suckling 

17 

7 

24 

39.3 

5S±4.4 

51-100 weanling 

23 

17 

40 

80.7 

43±5.7 

101-125 voung 

11 

24 

35 

112.5 

22zt3.2 

126-150 ” 

15 

7 

22 

140.4 

182:4.3 

151-200 ” 

15 

14 

29 

170.1 

16±2.7 

201-300 voung adult 

10 

26 

36 

263.1 

8.12:0.9 

301-400 adult 

45 

37 

82 

348.3 

7.72:1.0 

401-54G ” 

39 

17 

56 

447.6 

6.22:0.6 

Total 



324 






Sex 



Above 301 (adult males) 

84 

— 

— 


7.02:0.7 

” 301 ( ” females) 

— 

54 

— 


7.42:0.9 



Fig. 1. 

Cliangc in .•iciite LD-,(| of ANTU with body 
weight of wild Norway rats. The LD-,o for each 
weight range is plotted against an abscissa repre- 
senting the average body weight of rats in that 
range. The standard error of each LD-,n is indi- 
cated by a vertical line of appropriate length. 

handle wild rats without anaesthetics in much 
the same way as laboratory rats. 

The assays on rats weighing more than 
200 g were carried out over the course of a 
year and a half (January 1944 to .June 1945) 
with no seasonal variation being noted. The 
assays on rats below 200 g were performed 
during April, Jlay and June 1945. 


The results obtained with a series of 324 
rats are summarized in Table I. The median 
lethal doses (LD.-;o’s) given in the last column 
were estimated, together with their standard 
errors, by the method of Litchfield and Fertig,® 
using logarithmic-probit graph paper. 

A comparison of the LDjo values given in 
Table I, and presented graphically in Fig. 1, 
shows that the resistance to acute ANTU 
poisoning was greatest in the youngest rats, 
and then decreased fairly rapidly to level 
off between 8 and 6 mg/kg for rats weighing 
200 g or more. Suckling rats (weighing less 
than 50 g) and weanling rats (up to 100 g) 
were respectively about 7 and 5 times as 
resistant as old rats. Between 100 and 200 g 
the resistance was still more than twice as 
great as it was above 200 g. It may be men- 
tioned in this connection that a corresponding 
(but larger) difference in response to acute 
poisoning with the parent compound thiourea 
has been observed between young and adult 
laboratory rats.”-'' 

The correlation of weight with age, which 
is indicated by the classifications into suckling 
(birth to approx-imately 30 days of age), 
weanling (30 to 60 days) and adult (over 
90 daj-s), is only an estimate, based on ob- 
ser\^ations such as whether the rats were 
trapped in a group with their mother, were 

s LiU-lifiold, .T. T.. .Tr., and 
Jnhnx Hoplixx Hasp., 1941, C9, 270. 

AtacKouzk', .1. B., uml MacKonzus C. G., 
Pkoc. .Sor. Exp. Biol. .\xd Med., 1943, 34 . 
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Age and Species Variation in the Acute Toxicity of Alpha-Naphthyl 

Thiourea.* 


Sally H. Dieke and Curt P. Richter. < 

From the Psychohiological Laboratory, Phipps Psychiatric Clinic, The Johns Bopldns Sospital, 

Baltimore, Md. 


The general properties of a-naphthyl 
thiourea (ANTU) have been described in a 
previous paper, ^ in which it was shown that 
this substance, besides being an effective 
poison for the field control of Norway rats, 
has interesting possibilities as a tool for re- 
search because of its actions leading to pul- 
monary edema, increased lymph flow- and 
other physiological and anatomical effects.*’ 

The present work was performed to eluci- 
date the practical questions of whether ANTU 
is toxic to other animals than Norway rats 
and would therefore present hazards in use, 
and also whether, as was indicated, in field 
trials, young Norway rats are less susceptible 
than adults. Differences between males and 
females were sought at the same time. 

Although our primary objectives were prac- 
tical ones, bearing on the use of ANTU as 
a rodenticide, the results obtained are pre- 
sented here because of the many applications 
of ANTU and other thiourea derivatives to 


* Tliis work was begun under a contract, recom- 
mended by the Cnmmittee on Medical Kesearel., 
between the Office of Scientific Kesearcli and De- 
velopment and tlie .Tolms Hopkins University, and 
completed under a contract between the Chemical 
Warfare Service and tlie Johns Hopkins University. 

tWe are indebted to Dr. E. B. Astwood in 
Boston for sending «s the rats from W* 
used ill comparative toxicity tests, and to Mr. H. 
J .Spencer of the Fish and Wildlife Service in 
GmnL-ille, Florida, for trapping and shipping to 
US a number of wild Alexandrine rats. 

lEichter, C. F., J- ' 


2 Drinker, C. K., Pulmonary 

Hon, Harvard University I’'*^**' ' 

3 Du Bois, K. P., Hed. P«6/m 

iMcClosky, W. T., and Smith, M. I., PM^c 

mlth Pep., 1945, CO, 1101. 


various fields of research. 

Age and Sex Variation in Rats — ^\Vild Nor- 
way rats were chosen for test animals, be- 
cause of the large strain differences in re- 
sponse to thiourea poisoning which had been 
found between wild and laboratory rats,* 
and which it was felt might exist for ANTU 
as well. 

The rats were all wild brown Norways, 
trapped in the alleys and back yards of Balti- 
more, Maryland, in special wooden box traps 
which have been described elsewhere.® They 
were predominantly from residential districts. 
Care was taken to use only rats trapped in 
areas where no systematic field poisoning with 
.ANTU had been done. All rats (except 
some classed as suckling) were held in the 
laboratory a minimum of 4 days after trap- 
ping to allow them to recover from that 
ordeal and to make sure they were healthjc 
During this period they were fed Purina fox 
chow cubes and had access to an ample water 
supply. 

The ANTU was suspended in olive oil and 
administered by intraperitoneal injection, the 
dose being adjusted to body weight by giving 
a volume corresponding to 0.1 cc per 10 g 
body weight. The rats were not starved; 
they were, however, injected in the late after- 
noon, just before the normal feeding time of 
Avild rats. 

To restrain the rats for iveighing and in- 
jecting use was made of the “sock’’ developed 
by Emlen.' This device made it possible to 

s Dieke, S. H., .md EieMer, C. P., J. Pharni. and 
Fxp. Therap., latS, 83, 195. 

BBicliter, C. P., .md Enileu, J. T., Jr., PnhUc 
Health Pep., 1945, 60, 1.103. 

'Emlen, J. T., Jr., J. Wildlife Management, 
1944, 8, 264. 
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guinea pig, the cat, and probably the rabbit* 
is followed b}"^ the chicken and the Rhesus 
monkey, both of which ivere extremely re- 
sistant, at least to ANTU given by stomach 
tube. 

It is interesting to note that in contrast 
to the large variations in the toxicity of thi- 
ourea to Norway rats from different sources,® 
little difference was found in the response 
of the same rats to ANTU. Rats from Dr. 
Astwood’s colony in Harvard (designated 
Strain II) were onlj* twice as resistant as 
rats from our colony (Strain I); and hardly 
differed at all from the wild Norwa 3 's. 

The mode of administering the ANTU did 
not influence the toxicity in rats, but in other 
species less ANTU was required to kill by 
intraperitoneal injection than when given by 
stomach tube. For instance monkeys died 
following 200 mg/kg of ANTU given intra- 
peritoneally but ivithstood 17 times that 
amount by stomach tube, and dogs likewise 
showed a several-fold difference. In part this 
may be ascribed to emesis, which occurred 
fairly often in dogs, cats, and monkeys, but 
elimination in this manner before absorption 
could take place was minimized bj' starving 
the animals overnight before they received 
doses by stomach tube, and withholding food 
until 6 to 8 hours later. 

The effects characteristic of ANTU poison- 
ing in Norway rats, namely pulmonary 
edema and pleural effusion, ivere not found 
in some species even after the administration 
of fatal doses. Examination of sections from 
the lungs of Alexandrine rats, guinea pigs, 
rabbits and monkeys has not revealed edema 

} SIcClosky and Smitlii found an LDjg for rab- 
bits of about 1000 mg/kg. 


in an 3 'thing like the amounts found in the 
lungs of Norway rats, dogs, mice and cats.^® 
It would therefore seem likety that the mecha- 
nism of action of ANTU is different in these 
2 groups of animals. 

Both males and females were used in most 
species tested (the rabbits and chickens were 
all females) without any striking sex differ- 
ence in susceptibility becoming evident. Sex 
differences cannot be ruled out, however, on 
the basis of these limited data. An indica- 
tion that an age difference exists in dogs, 
comparable to that observed in rats, is found 
in the fact that 3 puppies survived doses 
which ivould have been fatal to adult dogs. 

Summary. Marked age variation in the 
susceptibility of wild Norway rats to acute 
poisoning with ct-naphthyl thiourea has been 
found, with suckling rats about 7 times as 
resistant as adults. This resistance was found 
to decrease with increasing body weight, 
levelling off for adults at an LDso between 
6 and 8 mg/kg body weight. The difference 
found between adult males and females was 
within the limits of error and is therefore not 
considered significant. 

Adult animals of other species also varied 
markedly in susceptibility to acute ANTU 
poisoning. Norway rats, dogs and mice were 
killed by amounts less than a hundred milli- 
grams per kilogram. .Me.xandrine rats, guinea 
pigs, and cats required several hundred milli- 
grams, while chickens and monkeys survived 
doses of several grams per kilogram body 
weight. Large amounts of pulmonary edema 
were found only in Norway rats, dogs, mice 
and cats. 

10 Latin, H., unpublished results. 
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Bactericidal Action of Streptomycin. 

Dorothy Hahre, Geoffrey Rake, and Richard Donovick. 

From the Squihi Institute for Medical Itcscarch, Xcw Brimsieich, X. J. 

Streptomycin,^ which inhibits the growth of by Waksman and Reilly* to be bactericidal 
a variety of gram positive, gram negative and for Escherichia coli, Pseudomonas aeruginosa 
acid fast microorganisms^'" has been found and Proteus vulgaris. .According to Wallace 
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TABLE II. 

Estimated Acute LDjo Values for Various Animals (Adult). 


I/Dsot 

Administered* No. used mg/kg bod)' ivt. 


Noiw.'iy rat (Hattus norvcgicus ) 
tlomestie, Strain I 

i.p. 

51 

2.o±0.5 

” ' Strain II 

ft 

26 

C.25±0.7 

wild 

jf 

(See Table I) 


j t 

s.t. 

50 

6.9±0.5 

Dog (Catiis famitiaris) 

i.p. 

0 

below 16 

} f 

s.t. 

7 

3S (20-50) t 

Mouse (Mns muscultis ) albino 

i.p. 

19 

50±4 

Ale.vaiulrino rat (It. ralliis subsp.) 

tf 

1-1 

250 (75-450) 

Guinea pig (Cnvia cobayn ) 

fy 

11 

350 (300-400) 

Rabbit (Oryctohtgus oinicuhis ) 

”,s.t. 

6 

above 400 

Cat (FeUs libyca domcstica ) 

S.t. 

10 

500 (75-1000) 

Cliieken (Gallus banhiva ) 

Barred Plynioutli Rock pullets 

i.p. 

4 

2500 (?-5000) 

> i 

s.t. 

7 

4250 (2500-500C 

^fonkev (Macaca mulatta ) 

i.p. 

0 

175 (150-200) 


s.t. 

12 

4250 (3500-500C 


* ANTU rvas administered either "i.p.” (by intraperitoiieal injection, usually in olive oil 
suspension) or "s.t.” (by stomach tube, usually suspended in 10% acacia solutmn). 

f 'Whenever material could not be treated statistically an estimate of the LDno is followed 
by the range between the highest dose observed to kill none and the lowest dose killing all. 
i Three puppies given ANTU by stomach tube survived doses up to 75 mg/kg. 


small but trapped alone and able to fend 
for themselves, or afforded obvious external 
indications of maturity such as an open 
vagina or large descended testes. It is mod- 
erately certain that no rat weighing less than 
100 g was sexually mature, while all those 
weighing over 200 g were indubitably adults. 
The age of puberty thus fell in the weight 
range of 100 to 200 g; more precisely, in 
the range 100-150 g for females and 150-200 g 
for males. This last statement is based upon 
observations made on 11 female and 5 male 
wild Norway rats that were raised from birth 
in the laboratory, which indicated that around 
puberty the males of a given age are heavier 
than the females: between 60 and 90 days 
old these females weighed 100-150 g and 
the males 150-200 g, with considerable in- 
dividual variation being found within these 
limits, particularly between rats of different 
litters (In laboratory Norways from our 
colony the sex difference in weight is even 
larger, as 60-day-old males often weigh more 
than 200 g while females of that age rarely 

weigh more than 140 g.) _ 

In the series of rats receiving ANTU the 
vagina was open in about half the female 
with weights between 100 and 125 g, and 
all the females weighing more than 150 g. 


which agrees well with the above statement. 
No definite difference in resistance to ANTU 
poisoning was found between individual fe- 
males with open vaginas and others in the 
same weight range with closed vaginas, but 
this external sign is admittedly not the best 
criterion of se.xiial maturity. It is therefore 
not yet clear whether the levelling off of 
the LDoo which occurred after puberty is 
directly related to sexual maturity or is rather 
an associated phenomenon dependent on gen- 
eral growth factors. 

Separating the 138 rats weighing more than 
300 g into males and females led to respective 
LDjo values of 7.0 and 7.4 mg/kg (Table I). 
Thus adult females were little if any more 
resistant than males, indicating the absence 
of a marked sex variation in response to acute 
ANTU poisoning. 

Species Variation. The differences in sus- 
ceptibility to acute poisoning with ANTU 
which we have found between animals of 
various species are shown in Table II. Nor- 
way rats are seen to be the most susceptible 
animals of those tested, and the only ones 
killed by amounts less than 10 mg/kg' The 
dog and the mouse were the only others 
killed below 100 mgAg. An intermediate 
group comprising the Alexandrine rat, the 
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guinea pig, the cat, and probably the rabbit^ 
is followed by the chicken and the Rhesus 
monkey, both of which were extremely re- 
sistant, at least to ANTU given by stomach 
tube. 

It is interesting to note that in contrast 
to the large variations in the toxicity of thi- 
ourea to Norway rats from different sources,'’ 
little difference was found in the response 
of the same rats to ANTU. Rats from Dr. 
Astwood’s colony in Harvard (designated 
Strain II) were only twice as resistant as 
rats from our colony (Strain I), and hardly 
differed at all from the wild Nonvays. 

The mode of administering the ANTU did 
not influence the toxicity in rats, but in other 
species less ANTU was required to kill by 
intraperitoneal injection than when given by 
stomach tube. For instance monkeys died 
following 200 mg/kg of ANTU given intra- 
peritoneally but withstood 17 times that 
amount by stomach tube, and dogs likewise 
showed a several-fold difference. In part this 
may be ascribed to emesis, which occurred 
fairly often in dogs, cats, and monkeys, but 
elimination in this manner before absorption 
could take place was minimized by starving 
the animals overnight before they received 
doses by stomach tube, and withholding food 
until 6 to 8 hours later. 

The effects characteristic of ANTU poison- 
ing in Norway rats, namely pulmonary 
edema and pleural effusion, were not found 
in some species even after the administration 
of fatal doses. Examination of sections from 
the lungs of Alexandrine rats, guinea pigs, 
rabbits and monkeys has not revealed edema 

} MeClosky and fjinitU-i found an LD^o for rab- 
bits of about 1000 nig/kg. 


in anything like the amounts found in the 
lungs of Norway rats, dogs, mice and cats.^® 
It would therefore seem likelj^ that the mecha- 
nism of action of ANTU is different in these 
2 groups of animals. 

Both males and females were used in most 
species tested (the rabbits and chickens were 
all females) without any striking sex differ- 
ence in susceptibility becoming evident. Sex 
differences cannot be ruled out, however, on 
the basis of these limited data. An indica- 
tion that an age difference exists in dogs, 
comparable to that observed in rats, is found 
in the fact that 3 puppies survived doses 
which would have been fatal to adult dogs. 

Summary. Marked age variation in the 
susceptibility of wild Norway rats to acute 
poisoning with a-naphthyl thiourea has been 
found, with suckling rats about 7 times as 
resistant as adults. This resistance was found 
to decrease with increasing body weight, 
levelling off for adults at an LDjo between 
6 and 8 mg/kg body weight. The difference 
found between adult males and females was 
within the limits of error and is therefore not 
considered significant. 

Adult animals of other species also varied 
markedly in susceptibility to acute ANTU 
poisoning. Norway rats, dogs and mice were 
killed by amounts less than a hundred milli- 
grams per kilogram. Alexandrine rats, guinea 
pigs, and cats required several hundred milli- 
grams, while chickens and monkeys survived 
doses of several grams per kilogram body 
weight. Large amounts of pulmonary edema 
were found only in Norway rats, dogs, mice 
and cats. 

It., uiipublishtd results. 
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Bactericidal Action of Streptomycin. 

Dorothy Hamre, Geoffrey Rake, and Richard Donovick. 
From the Squibh Institute for ilcdicnl Jtcscarch, Xcw Bninsxvich, X. J. 


Streptomycin,* which inhibits the growth of by Waksman and Reilly** to be bactericidal 
a variety of gram positive, gram negative and for Escherichia coli, Pseudomonas aeruginosa 
acid fast microorganisms'-* has been found and Proteus vulgaris. .According to Wallace 
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Acute Toxicitv of ANTU 


Estimated Acute LDjo 

TABLE II. 

Values for Various Animals 

(Adult). 


Administered* 

Ko. used 

mg/kg body wt. 

Nonv.ay rat (Sattns norvegiciis) 
domestic, Strain I 

i.p. 

51 

2.5±0.5 

” Strain II 

i i 

26 

0.25±0.7 

wild 

i j 

(See Table I) 

n 

S.t. 

50 

0.9±:0.5 

Dog (Cams familiaris) 

i.p. 

9 

below 16 

Ji 

S.t. 

7 

38 (20-50)1 

Jtouso (Mus mtiscuhis ) albino 

I.p. 

■ 19 

5G±4 

Alc.vandrine rat (It. rattiis siihsp.J 

yy 

14 

250 (75-450) 

Guinea pig (Cavia cohaya ) 


11 

350 (300-400) 

Rabbit (On/ctolagiis cunicidiis ) 

’',s.t. 

6 

above 400 

Cat (Fclis libyca domestica ) 

s.t. 

10 

500 (75-1000) 

Cliiekcn (Galtiis hanlciva J 

Barred Plymouth Roek pullets 

i.p. 

4 

2500 (?-5000) 

J 1 

S.t. 

7 

4250 (2500-5000) 

Monkev (Macaca mulalta ) 

l.p. 

fi 

175 (150-200) 

' }} 

s.t. 

12 

4250 (3500-5000) 


* ANTU wis administered either "i.p.” (by intraperitoncal injection, usually in olive oil 
suspension) or “s.t.” (by stomach tube, usually suspended in 10% acacia solution). 

t Wlienever material could not be treated statistically an estimate of the LDjn is followed 
by the range between the highest dose observed to kill none and the lowest dose killing all. 
t Three puppies given AXTU by stomach tube survived doses up to 75 mg/kg. 


small but trapped alone and able to fend 
for themselves, or afforded obvious external 
indications of maturity such as an open 
vagina or large descended testes. It is mod- 
erately certain that no rat weighing less than 
100 g was sexually mature, while all those 
weighing over 200 g were indubitably adults. 
The age of puberty thus fell in the weight 
range of 100 to 200 g; more precisely, in 
the range lOO-lSO g for females and 150-200 g 
for males. This last statement is based upon 
observations made on 11 female and 5 rnale 
wild Norway rats that were raised from birth 
in the laboratory, which indicated that around 
puberty the males of a given age are heavier 
than the females: between 60 and 90 days 
old these females weighed 100-150 g and 
the males 150-200 g, with considerable in- 
dividual variation being found within these 
limits, particularly between rats of different 
litters (In laboratory Norways from our 
colony the sex difference in weight is even 
larger as 60-day-old males often weigh more 
than 200 g while females of that age rarely 

weigh more than 140 g.) _ _ ats.tt'tt tho 

In the series of rats receiving ANTU 

vagina was open in about half the femalp 
S weights between 100 and I S g, and m 
all the females weighing more than 150 g, 


which agrees well with the above statement. 
No definite difference in resistance to ANTU 
poisoning was found between individual fe- 
males with open vaginas and others in the 
same weight range with closed vaginas, but 
this external sign is admittedly not the best 
criterion of se.xual maturity. It is therefore 
not yet clear whether the levelling off of 
the LD.-,o which occurred after puberty is 
directly related to sexual maturity or is rather 
an associated phenomenon dependent on gen- 
eral growth factors. 

Separating the 138 rats weighing more than 
300 g into males and females led to respective 
LDso values of 7.0 and 7.4 mgAg (Table I). 
Thus adult females were little if any more 
resistant than males, indicating the absence 
of a marked sex variation in response to acute 
ANTU poisoning. 

Specks Variation. The differences in sus- 
ceptibility to acute poisoning with ANTU 
which we have found between animals of 
various species are shown in Table 11. Nor- 
way rats are seen to be the most susceptible 
animals of those tested, and the only ones 
killed by amounts less than 10 mg/kg. xhe 
dog and the mouse were the only others 
killed below 100 mgAg. An intermediate 
group comprising the Ale.xandrine rat, the 
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TABLE I. 


Bactericidal Action of Strcptoniycin on Multiplying Cultures of Klebsiella piiciimoitiac. 

(No. of Organisms per ml X 1000). 


Incub.ntion 

time 


Yeast beef broth 

Units per nil impure streptomyt‘in 504 


r 

4 

3 

O 

0 

0 




G430 

2 hr 

17.G 

>3000 

46300 

84G00 

n ” 

O.S 

2120 « 

127000 

212000 

4 ” 

0.1 

154 

443000 

83G0O0 

23 ” 

820000. 

SG5000 

4S1000 

1.1.50000 



0.7.5 

tryptone brotli 




Units per ml pure streptomyi-in 5I20SE 



1.0 

0.5 

0.25 

0 

0 




6760 

20 min 

4000. 

7000. 

7300. 

6800 

40 ” 

7.10 

3760. 

8030. 

9700 

1 III- 

0.01 

50.3 

>3000. 

16200 

O > > 

0.00 

0.04 

>3.0 

75300 

3 ” 

0.00 

0.01 

O.OS 

195000 

24 ’ ^ 

0.00 

122000. 

100000. 

753000 

0 




7250 

Ihr 


12.0 

4580. 

21900 

2 ' * 


0.03 

1.18 

67400 

3 ” 


0.02 

0.00 

144000 

4 ” 


0.03 

0.07 

145000 

28 ” 


13G000. 

01400. 

258000 


effect of 0.25 unit per ml in broth after 
12 hours incubation grew in plates contain- 
ing 4.9 units per ml, but none grew on plates 
containing 49 units per ml. Apparently, 
then, this resistance which was acquired bj' 
this organism, or was a result of selection, 
is not of a high order of magnitude. 

To determine whether or not this resistance 
was a temporary characteristic, transplants 
were made in the third e.\periment from the 
tube containing 0.25 unit per ml in broth 
after 0 hours and 16 hours incubation, to 
tubes containing 0.0 unit, 0.07 unit, 0.35 
and 1.75 units of streptomycin per ml of 
tryptone broth. Serial subcultures were made 
after 24 hours incubation from the tube con- 
taining no streptomycin to tubes with and 
without streptomycin. The results of these 
e.vperiments are given in Fig. 2 Three things 
are apparent: (1) After 16 hours incubation 
in broth containing 0.25 unit per ml, the 
organisms grew in broth containing 5 times 
as much streptom 3 ’cin as the minimal in- 
hibiting dose for the same culture after 0 
hours. This was to be e.xpected, since at 
that time the plate count in agar containing 


4.9 units of streptomj'cin per ml was almost 
equal to that in agar without streptomjxin 
(Fig. 1). (2) The amount of streptomycin 

in broth to which these organisms were re- 
sistant after 16 hours incubation was much 
less than that in agar (0.35 unit per ml 
compared to 4.9 units per ml, Fig. 1 and 
Fig. 2); (3) after 3 subcultures in the ab- 
sence of streptomjxin, the 2 cultures retained 
their respective characteristics, an indication 
that a persistent change in the resistance of 
the organism had occurred. 

Some evidence was also obtained for the 
appearance of resistance in Klebsiella 
pneumoniae bj' repeated subculturing in 
trjptone broth containing streptom\'cin. .After 
2 serial subcultures in 0.35 unit of strepto- 
mjxin per ml, the resistance of the organisms 
taken originally from broth containing 0.25 
unit per ml after 16 hours incubation rose 
from 0.35 unit per ml to 1.75 units per ml. 
(Fig. 2). However, this 5-fold increase in 
resistance is slight in comparison with the 
increase in resistance of gonococci and 
meningococci from about 40 units per ml to 
75,000 units per ml which Aliller and Bohn- 
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and co-workers,” the bactericidal action of 
streptomycin on Staphylococcus aureus and 
Eberthella typhosum was influenced by the 
culture medium. Donovick and Rake’® found 
that 0.056 units per ml of streptomycin 
inhibited the growth of 1000 cells per ml of 
Klebsiella pneumoniae in 0.7 5 fo tryptone 
broth and that the minimal inhibiting dose 
varied with the lot and the concentration of 
tryptone. The present stud}' of the bac- 
tericidal action of streptomycin was made 
on K. pneumoniae* which is used in this 
laboratory for the bio-assay of streptomycin.” 

In order to follow the bactericidal action 
of streptomycin on this organism, 6 ml of a 
diluted 6-hour culture containing about 5 
million cells per ml were mixed with 0.1 ml 
of streptomycin and incubated at 37°C. Plate 
counts, made at intervals in 2% tryptone 
0.2% glucose agar, are given in Table I. All 
figures for bacterial counts are averages of 
3 plates. 

Comparison of the results in yeast beef 
broth with those in tryptone broth illustrates 
the effect of culture medium on the activity 
of streptomycin. While 2 units per ml in 


I Seliatz, A., Bugie, B., .'iiid AV.atisman, S. A., 
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•i Sfliatz, A., and Waksman, S. A., Pboo. Soc. 
Exp. Biol, and Med., 1944, 57, 244. 

ayouinans, G. P., Quart. Bat!. Xorthwc.'.l.-ra 
Unir. .Veil. School, 194.1, 1!>, 207. 
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yeast beef broth retarded growth slightly, 
1 unit per ml in tryptone broth produced a 
500,000-fold reduction in count in one hour. 
Although different preparations of streptomy- 
cin were used, this could not account for these 
results, because repeated experiments in the 
same medium have failed to show any dif- 
ference between the activity of pure and im- 
pure streptomycin. 

The bactericidal effect of 1.0 unit of strep- 
tomycin per ml in try-ptone broth was evi- 
dent after 20 minutes incubation. On the 
other hand, 0.25 unit per ml caused no re- 
duction in count during the first hour of 
incubation, but, following this induction 
period, the count dropped 60,000-fold in 3 
hours, and after 24 hours incubation, rose 
to about one-seventh of that in the control 
tube. This rise in count, which also occurred 
in tryptone broth containing 0.5 unit per 
ml of streptomycin, was contrary to e.xpecta- 
tions because 1000 cells per ml in tryiptone 
broth are inhibited by 0.056 unit per ml. 
Two possible explanations for the rise in 
count are: (1) that during the 3-hour incuba- 
tion period in the presence of large numbers 
of cells, the streptomycin was used up, so 
that the concentration fell below the minimal 
inhibitory level; or (2) that the cells surviv- 
ing at the end of 3 hours incubation with 
streptomycin were more resistant to its action. 
Experiments were set up to test the latter 
hypothesis. Plate counts were made in 0.75% 
tryptone agar with and without streptomycin. 
Results of these experiments are given in 
Fig. 1. 

Although there were a few cells in the 
control tube resistant to 1.0 units and 3.0 
units of streptomycin, the proportion of re- 
sistant to total cells in this tube remained 
small throughout the experiment. However 
in the tube containing 0.25 unit of streptomy- 
cin per ml, the number of resistant cells 
in comparison to total cells, which was small 
after 3 hours incubation, became almost equal 
after 6 hours incubation and remained so 
through 12 and 16 hours incubation. (Exp 2 
Fig. 1). In a third experiment, when the 

concentration of streptomycin in the agar was 
increased to 4.9 and 49 units per mi, almost 
all the organisms surviving the bactericidal 
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TABLE r. 


B.ictericidal 

Action of Streptomycin on MuUiplying 
(No. of Organisms per ml 

Culturc.s of Klebsiella 
X 1000). 

pneumoniae. 

Inenb.atioii 

time 


Yc«nst beef brotb 

Tnits per ml impure streptomycin o04 


€ 

4 

3 

O 

0 

0 




6430 

2 hr 

17.6 

>3000 

46300 

S4000 

3 " 

O.S 

2120. 

127000 

212000 

4 ” 

0.1 

154 

443000 

836000 

23 ” 

S20000. 

S63000 

4S1000 

1 .1.30000 



0.7.3% tri-i>tonc hrotli 




Units per ml pure streptomycin M20SE 



1.0 

0.5 

0.2.5 

0 

0 




6760 

20 min 

4000. 

7000. 

7360. 

6800 

40 ” 

7.16 

3760. 

8030. 

9700 

1 lir 

0.01 

50.3 

>3000. 

16200 

2 ^ ’ 

0.00 

0.04 

>3.0 

“5300 

3 ” 

0.00 

0.01 

O.OS 

195000 

24 

0.00 

122000. 

100000. 

753000 

0 




7250 

Ihr 


12.0 

45S0. 

21900 

2 ’ * 


0.03 

I.IS 

67400 

3 ” 


0.02 

0.00 

144000 

4 ” 


0.03 

0.07 

145000 

28 ” 


136000. 

61400. 

258000 


effect of 0.25 unit per ml in broth after 
12 hours incubation grew in plates contain- 
ing 4.9 units per ml, but none grew on plates 
containing 49 units per ml. Apparently, 
then, this resistance which was acquired bj' 
this organism, or was a result of selection, 
is not of a high order of magnitude. 

To determine whether or not this resistance 
was a temporarj'' characteristic, transplants 
were made in the third experiment from the 
tube containing 0.25 unit per ml in broth 
after 0 hours and 16 hours incubation, to 
tubes containing 0.0 unit, 0.07 unit, 0.35 
and 1.75 units of streptomycin per ml of 
tij-ptone broth. Serial subcultures were made 
after 24 hours incubation from the tube con- 
taining no streptomjTin to tubes with and 
without streptomycin. The results of these 
experiments are given in Fig. 2 Three things 
are apparent: (1) After 16 hours incubation 
in broth containing 0.25 unit per ml, the 
organisms grew in broth containing 5 times 
as much streptomycin as the minimal in- 
hibiting dose for the same culture after 0 
hours. This was to be expected, since at 
that time the plate count in agar containing 


4.9 units of streptomycin per ml was almost 
equal to that in agar without streptomycin 
(Fig. 1). (2) The amount of streptomycin 

in broth to which these organisms were re- 
sistant after 16 hours incubation was much 
less than that in agar (0.35 unit per ml 
compared to 4.9 units per ml, Fig. 1 and 
Fig. 2); (3) after 3 subcultures in the ab- 
sence of streptomycin, the 2 cultures retained 
their respective characteristics, an indication 
that a persistent change in the resistance of 
the organism had occurred. 

Some evidence was also obtained for the 
appearance of resistance in Klebsiella 
pneumoniae by repeated subculturing in 
tryptone broth containing streptomycin. After 
2 serial subcultures in 0.35 unit of strepto- 
mycin per ml, the resistance of the organisms 
taken originally from broth containing 0.25 
unit per ml after 16 hours incubation rose 
from 0.35 unit per ml to 1.75 units per ml. 
(Fig. 2). However, this 5-fold increase in 
resistance is slight in comparison with the 
increase in resistance of gonococci and 
meningococci from about 40 units per ml to 
75.000 units per ml which Miller and Bohn- 
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TABI/E II. 

Biietericidal Action of Streiitoniyciii on Waslied Cultures of Klehsidla 
(No. of Organisms per ml X 1000). 


Units per ml pure streptomj-cin JI208E 
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SUBCULTURES OF KLEBSIELLA PNEUf^ONIAE TAKEN BEFORE AND AFTER i6 HRS. 
IN BROTH CONTAINING 025 U/ML OF STREPTOMYCIN AND TRANSFERRED 
TO BROTH CONTAINING VARYING AMOUNTS OF STREPTOMYCIN 

Subculture No. 


From broth containing 0.25 0.35 

u/ml SM - incubateii 0 hrs. 


0.07 

Serial subcultures in broth ulthout SM 


A 

From broth ccntaining 0.25 0.35 

u/ml SM " incubated 16 hrs. 


0.07 

Serial subcultures In b.tith uithout SM 
1.75 


Trom first subculture contain- 
ing 0.35 u/ml SM of B. j 

I 

I 035 

c ■ 


-I 007 

a 

Serial subcultures in broth contarning )ht maximal 
non-inhibiting concentration of SM 

Fig. 

hoff'- were able to obtain by serial transfer During incubation at 37 °C plate counts were 
on agar containing streptomycin. made in 2% tr 3 rptone 0.2% glucose agar. 

The bactericidal action of streptomycin on Results of average counts of 3 plates are 
non-multiplj'ing cultures of K. pneumoniae given in Table II. 

was ne.xt investigated. A 6-hour culture was Thirty units per ml reduced the number 
washed 3 times by centrifuging with Ringer’s of viable cells greater than S-fold after 20 

solution, resuspended in Ringer’s solution to minutes incubation, 3.75 units per ml 

give approximately 10 million cells per ml caused a slight drop in count after 3 to 6 

and mi.ved with an equal volume of strep- hours incubation, but 1.89 units per ml had 

tomycin in M/15 phosphate buffer pH 6.8. no effect. These results indicate that the 

12 Miller, c. P., and Boimiioff, M., Am. Med. mode of action of streptom.vcin differs from 

.ds,<!ii., 1945 , i.to, 485 . that of penicillin, which had no action on 
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THE BACTERICIDAL EFFECT OF STREPTOMYCIN ON KLEBSIELLA PNEUMONIAE 



Fig. 3. 


a ivashed culture of Staphylococcus aureus^ 
Heatley strain, even at 1000 units per ml. 

Because the amount of streptomycin re- 
quired to produce a drastic drop in the num- 
ber of viable cells in a washed, 
ing culture is much greater than that re- 
auired for a multiplying culture (Fig. 3), 
U seems probable that the mode 
streptomvein is different for washed, no 

'S'^e ^:ifcd that with multiplying 
cultures almost all the organisms surviving 
6 hours incubation with 0.2j _unit of strep 
• r,pr ml were more resistant to strep- 
romycim In e.penments with washed c«J^ 

TtedTntgar' containing 1.0 and 3.0 units 
plated g evidence was ob- 

f-^ed'^toTdican that the organisms sur- 
Tornresiiant th_anjhe«n^^ 


favors the theory that the mode of action of 
streptomycin on washed organisms is differ- 
ent from that on multiplying cultures. 

In view of the bactericidal action of 


streptomycin on washed cultures of K. 
pneumoniae , it was of interest to determine 
whether or not streptomycin had any action 
on washed spores of a susceptible species. It 
was found that 43,100 units per ml in buf- 
fered Ringer’s solution had no effect during 
6 hours or 24 hours incubation with washed 
spores of an unidentified gram positive bacil- 
lus {Bacillus sp. No. 290). Multiplying cul- 
tures of this organism were very sensitive to 
streptomycin, being inhibited by as little as 
0.013 unit per ml in tryptone broth contain- 
ing 1500 cells per ml. 


owmmu'.'. was Dactericidf 

for both multiplying and non-multipiving cu 
tures of K. pneumoniae, bxst not fo^ washe 
spores of Bacillus sp. No. 290. Organism 
surviving the bactericidal effect of 0.25 unit c 
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streptomycin per ml after 6 hours incubation 
were more resistant to its action. This resis- 
tance persisted through 4 subcultures in the ab- 
sence of streptomimin and could be increased 


5-fold by serial transfers in broth containing 
streptomycin. Washed organisms surrdving 
after 5 hours incubation with 7.5 units of 
streptomi'cin per ml were not more resistant. 
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A Procedure for Testing Sterility of Concentrated Streptomycin Solutions. 

Geoffrey' Rake and Richard Donoi'ick. 

From Ihe Sfitiihb ItiKtitute for Medical Research, Xcir Bnniswicl:, X. J. 


Since the use of streptom\'cin as a 
therapeutic agent is rapidly increasing it is 
important to be able to test the sterility of 
highly concentrated solutions of this anti- 
biotic. In such sterility tests it is, of course, 
a prerequisite that the sample of streptomycin 
taken be of sufficient volume to be representa- 
tive of the lot of streptomycin involved. 
As the bacteriostatic levels of streptomycin, 
at least in the case of many organisms, 
differ greatly from bactericidal concentrations* 
the addition of such an adequate sample of 
streptomycin to the sterility test broth may 
result in inhibition of growth of any viable 
cells which maj' be present. Hence there is 
need for a method of inactivating streptomycin 


without destroying any living organisms pres- 
ent. 

In order to test the sterility of streptomycin 
solutions in this laboratory, a procedure has 
been devised which incorporates the inactiva- 
tion of streptomycin with semicarbazide--'* and 
the use, as the culture medium, of thio- 
glycolate broth which interferes with strep- 
tomycin activity.'* 

Of the carboni’l reagents which inactiv'ate 
streptomycin, semicarbazide was chosen be- 
cause it is one of the least bacteriostatic mem- 
bers of this group (Table I) and is readily 
soluble in water. Thiosemicarbazide is also 
relati\-el\' low in bacteriostatic activity but is 
much less soluble. 


TABLE I. 

Comjiariitivc Sensitivity of Various Organisms to Streptomyiin and to Certain Carbonyl 

Reagents. 

Grmvtli iiiliibiting eoneentratioii in 1% tryptone brotli 


StrePtoniyeiii 

HA-HCI 

HZ-HmO 

SC-HCl 

TSC 

Ratio 

Organism 

nig/nil 

mg/ml 

ing/iii] 

mg/nil 

ing/nil 

SC-HCI/strepfoniyeui 

K. pneumoniae 
(A.T.C.C. Xo. 9997) 

0.000055* 

O.OOSS 

0.0068 

0.073 

0.116 

1325 

E. evU Xo. 33 

0.00012* 

0.010 

0.010 

0.004 

ti.OSS 

533 

Staph, aureus 
(Heat ley) 

0.000049* 

O.OIS 

o.oir 

>0.54 

0.017 

>11000 

Ji. .suhtiVts Xo. 558 

0.000050* 

0.012 

0.012 

0.4S 

0.23 

8570 

EacUlus sp. Xo. 290 

0.000013* 

0.010 

0.0073 

0.089 

0.15 

6840 


* Based on pure stieptomyein base as having HKKI units ]ier nig. 
HA-HCI = bydro.vylainine liydrocldoride. 

HZ-HoO =: liydrazinc liydrat'e. 

SC-UCI =r semicarbazide hydrochloride. 

TSC thiosemicarliazide. 


i Hanire. D., Rake, G.. and Donovick. R.. Proc. 
Soc. Exe. Biol. .vxi> Med.. 1946, C2, 25. 

Brink. X. G., Kuehl, P, A., and Folkers, K., 
Scinice, 194.5, 102, 506. 


a Uonoviek, R., and Rake. G., pROf. Soc. Esr. 
Biol. .\xd Med., 1940, 61, 224. 

■I Uonoviek, R., Rake, G., and Fried, .T., ,T, Biol. 
Cliem., in pre.ss. 
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Bactericidal Action of Streptomycin 


THE BACTERICIDAL EFFECT OF STREPTOMYCIN M KLEBSIELLA PNEUMONIAE 



, washed culture of Staphylococcus aurem^ 
leatley strain, even at 1000 units per m . 

Because the amount of streptomycin re- 
mired to produce a drastic drop m the num- 
ber of viable cells in a '^^shed non-muUipb ^ 
incr culture is much greater than 
auired for a multiplying culture (Fig. 3), 
I seems probable that the mode ^ 

streptl>-in is different for washed, non- 

ri'-caTed that with multiplying 

toinycin. * ^ units per snd 

tures, incubated with 7 5 jmts^^pe 

plated in agar contaim g ^b- 

^^TrinSa^^itTh: organisms sur- 

5 hours or 5 hours incubation were 

roie^esistanrthai^^ 


favors the theory that the mode of action of 
streptomycin on washed organisms is differ- 
ent from that on multiplying cultures. 

In view of the bactericidal action of 
streptomycin on washed cultures of K. 
pneumoniae, it was of interest to determine 
whether or not streptomycin had any action 
on washed spores of a susceptible species. It 
was found that 43,100 units per ml in buf- 
fered Ringer’s solution had no effect during 
6 hours or 24 hours incubation with washed 
spores of an unidentified gram positive bacil- 
lus {Bacillus sp. No. 290). Multiplying cul- 
tures of this organism were very sensitive to 
streptomycin, being inhibited by as little as 
0.013 unit per ml in tryptone broth contain- 
ing 1500 cells per ml. 

Summary. Streptomycin was bactericidal 
for both multiplying and non-multiplyincr cul- 
tures of K. pneumoniae, but not for washed 
spores of Bacillus sp NM. 290. Organisms 
surviving the bactericidal effect of o.25 unit of 
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streptomycin per ml after 6 hours incubation 
were more resistant to its action. This resis- 
tance persisted through 4 subcultures in the ab- 
sence of streptomj'cin and could be increased 


5-fold bi' serial transfers in broth containing 
streptomycin. Washed organisms surviving 
after 5 hours incubation with 7.5 units of 
streptomycin per ml were not more resistant. 


15360 

A Procedure for Testing Sterility of Concentrated Streptomycin Solutions. 
Geoffrey Rake and Richard Dono\tck. 

From the Inxtitute for iledicat Research, Xctc Brunsxricl:, .V. J. 


Since the use of streptomycin as a 
therapeutic agent is rapidl}’ increasing it is 
important to be able to test the sterility of 
highly concentrated solutions of this anti- 
biotic. In such sterilitj' tests it is, of course, 
a prerequisite that the sample of streptomj'cin 
taken he of sufficient volume to be representa- 
tive of the lot of streptomycin involved. 

the bacteriostatic levels of streptomycin, 
at least in the case of many organisms, 
differ greatly from bactericidal concentrations' 
the addition of such an adequate sample of 
streptomycin to the sterility test broth maj' 
result in inhibition of growth of any viable 
cells which ma\' be present. Hence there is 
need for a method of inactivating streptomycin 


without destroying any living organisms pres- 
ent. 

In order to test the sterility of streptomycin 
solutions in this laboratory', a procedure has 
been devised which incorporates the inactiva- 
tion of streptomycin with semicarbazide--^ and 
the use, as the culture medium, of thio- 
glycolate broth which interferes with strep- 
tomycin activity."' 

Of the carbonyl reagents which inactivate 
streptomycin, semicarbazide was chosen be- 
cause it is one of the least bacteriostatic mem- 
bers of this group (Table I) and is readily 
soluble in water. Thiosemicarbazide is also 
relatively low in bacteriostatic activity but is 
much less soluble. 


T^VBLE I. 

C’oiiip.-irativf .Sensitivity of Various Organisms to .Streptoniyciii and to Certain Carbonyl 

Reagents. 


Orowtii inliibiting eoncentration in 1% tryjitone brotli 


Organi.sni 

streptomycin 

ing/nil 

HA-HCI 

nig/nil 

mg/iiil 

8C-HCn 

ing/nil 

TSC 

ing/nil 

Ratio 

.SC-HC')/stri*ptomycXJi 

K. pjtciivioniaf' 

o.notio.w' 

0.0088 

0,0008 

0.ti7.3 

9.11(5 

r*! 

(A.T.C.f. Xo. 
A’, rofi Xo. 33 

9997) 

0.001112* 

tl.tlBi 

0.010 

0.004 

0.088 

533 

Staph. nnreuN 

9.009949* 

9.9 IS 

9.917 

>0.34 

9.917 

>11999 

(HcatU'v) 

B. tiuhtUifs Xo. 

.5.18 O.tlOOO.lG* 

0.012 

0.012 

0.4S 

(t.23 

8370 

Baciltus sp. Xo. 290 0.000013* 

9.019 

0.097.3 

0.089 

0.13 

9S40 


‘ Based on pure stieptoniyein base as having units per ing. 

H.A-IICl ~ liydroxylamine liydroeldoride. 

HZ-H-0 = liydrazine hydrate. 

SC-HCl seinicarl)azide liydroehloride. 

TSC — tliiosemiearbazide. * 


> Hanire, U., Rake, G.. and IJonoviek, R., I'ROf. 
Soc. E.\r. Biot., .vxi) Med., 1940, 02, 

-Brink, X. O., Kuelil, F. A., and Folkers, K., 
Fcuucc. 194.-), 102. ,100. 


a Donovick, R., and Rake, G., PEOC. Soc. ESf. 
Biol, a.vd Med.. 1940, Cl. 224. 

^ Donovick, R., Rake, G., and Fried, J., J. Bio). 
Chem., in press. 
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Sterility Tests on Streptomycin Solutions 


Method. Materials required for inactiva- 
tion of streptomycin solution containing 
30,000 units per ml ± 10%: 

1. Semicarbazide-hydrochloride solution: 
ca. 0.06 g per ml. Sterilization through U. F. 
fritted glass filter is the preferred method. 
The sterile solution is stored at 4''C. 

2. Potassium acetate solution: ca. 0.05 g 
per ml. Solution is sterilized b}' autoclaving, 
10 lb pressure for 10 minutes. 

Procedure for inactivation of streptomycin. 
To each ml of streptomycin solution to be 
inactivated is added 1 ml of the potassium 
acetate solution and then 1 ml of semi- 
carbazide-h 3 'drochloride solution, observing 
aseptic precautions. The mixture is incubated 
at ca. 25°C (room temperature) for 24 hours. 

After room temperature incubation, the 
inactivation mixture is tested for sterility in 
freshly prepared thioglycolate broth, using 
at least 30 ml of broth for each ml of in- 
activation mixture to be tested. The in- 
oculated broth is incubated at 37°C for at 
least 24 hours. 

Discussion. It has been shown that 2 y 
of semicarbazide hydrochloride per y (or 
unit) of streptomycin will cause 98% in- 
activation at pH 5.3.'' Since the semicar- 
bazide-hydrochloride solution is extremely low 
in pH, potassium acetate is first added to 
the streptomycin solution to bring the final 
mixture to the desired pH. 

To justify the use of this method of in- 
activation of streptomycin as a step prior to 
sterility testing it must be shown that any 
organism resistant to 30,000 units of strep- 
tomycin per ml is also resistant to the con- 
centration of semicarbazide present in the 
inactivation mixture. This question has been 
approached in 2 ways; Thus far we have 
found no vegetative cells resistant to such 
concentrations of streptomycin but have com- 
pared the sensitivities of a number of species 
to this antibiotic with their sensitivities to 
several carbonyl reagents at much lower con- 
centrations of both substances. The results 
of such studies with S species are given in 
Table I. The second approach to this prob- 
lem is based on the finding that spores of 
some species of bacteria are extremely re- 
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sistant to the germicidal action of strep- 
tomycin even though the growth of their 
vegetative forms is inhibited by very low 
concentrations of streptomycin in broth The 
spores of such an organism {Bacillus sp. No. 
290) were added to a solution containing 
28,700 units of streptomycin per ml and the 
streptomycin solution then was inactivated 
in the manner described. The results of a 
typical e.xperiment are tabulated in Table II. 

It will be seen in Table I that the growth- 
inhibiting concentration of semicarbaaide 
ranges from 533 to >11,000 times greater 
than the inhibiting concentrations of strep- 
tomycin for the organisms tested. 

Ability of spores of Bacillus sp. No. 290 
to resist the action of semicarbazidc during 
the inactivation of streptomycin. Various 
mixtures of spores, streptomycin, semi- 
carbazide-hydrochloride and potassium acetate 
were prepared as shown in Table II and 
incubated at 25°C for 24 hours. Each mix- 
ture was then diluted by 10-fold steps in 
freshly prepared thioglycolate broth, the 
broth dilutions were incubated at 37°C, and 
read for growth after 24, 48 and 96 hours 
incubation. Little change occurred after 48 
hours incubation; therefore only the 48-hour 
readings are recorded in the table. 

It is shown in Table II that the strep- 
tomycin-spore suspension mixture gave no 
growth until diluted 10^ in thioglycolate 
broth, whereas growth occurred at 10'- in 


mixtures containing 3, 2 and 1 -/ of semi- 
carbazide hydrochloride per y of streptomycin. 
When spores were added to semicarbazide- 
hydrochloride and diluted in thiogljmolate 
broth, growth again occurred in the 10'- dilu- 
tion. Hence under the conditions of the 
experiment presented, streptomycin, contain- 
ing viable cells, when treated with the speci- 
fied carbonyl reagent yielded growth at 
1/lOOth the dilution required to obtain growth 
from the original streptomycin-spore suspen- 
sion mixture. 

Summary. 1. Details are given for a 
method of inactivating streptomycin with 
semicarbazide-h 3 'drochloride in order to test 
the sterility of concentrated streptomycin 
solutions. It has been shown that although 
several carbonyl reagents inhibit bacterial 
growth, it requires from 533 to >11,000 
times more semicarbazide-hydrochloride (one 
of the least toxic of the group) to cause this 
inhibition than is required of streptomycin. 

2. Spores of Bacillus sp. No. 290, when 
added to a streptomycin solution containing 
28,700 units per ml, were able to grow out 
when diluted 10^ in thioglycolate broth. 
When a similar spore suspension-streptomycin 
mixture was treated unth semicarbazide- 
hydrochloride (3, 2 or 1 y carbonyl reagent 
per unit (or y) of streptomycin) and then 
diluted in thiogljxolate broth, growth oc- 
curred at a lO"- dilution. 
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Buffers in the Range of pH 6.5 to 9.6.** 
George Gomori. 

From the Department of Jtedicine, The University of Chicago. 


In the pH range between 6.5 and 9.6, the 
buffers generally used have been phosphate, 
barbital,^ ammonium salts and carbonate.- 
Among these, phosphate and carbonate are 

* This work has been done under a grant from 
tlie Doughis Smitli Foundation for Medical Be- 
search at tlie University of Chicago. 

1 MichaeUs, L., J. Biol. Clicm., 1930, 87, 33. 

- Delory, G. E., and King, E. J., Bioch. J., 
1945, 39, 245. 


incompatible with Ca salts; ammonium salt 
buffers are not entirely stable; barbital, on 
account of its low solubility, can be prepared 
in low concentrations only and, in addition, 
inhibits certain enzj'me systems.^ Mertz and 
Owen'* have suggested the use of imidazole 
as a buffer in the phj'siologic pH range, com- 

3 Quastel, J. H., and Wheatley, \. H. M., Proc. 
Boy. Sor. B., 1932, 112, 60; Bioch. J., 1934, 28, 
1251. 
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Sterility Tests on Streptomycin Solutions 


Method. Materials required jor inactiva- 
tion oj streptomycin solution containing 
30,000 units per ml ± 10%: 

1 . Semicarbazide-hydrochloride solution: 
ca. 0.06 g per ml. Sterilization through U. F. 
fritted glass filter is the preferred method. 
The sterile solution is stored at 4°C. 

2. Potassium acetate solution: ca. 0.05 g 
per ml. Solution is sterilized by autoclaving, 
10 lb pressure for 10 minutes. 

Procedure jor inactivation oj streptomycin. 
To each ml of streptomycin solution to be 
inactivated is added 1 ml of the potassium 
acetate solution and then 1 ml of semi- 
carbazide-hydrochloride solution, observing 
aseptic precautions. The mixture is incubated 
at ca. 25 °C (room temperature) for 24 hours. 

After room temperature incubation, the 
inactivation mixture is tested for sterility in 
freshly prepared thioglycolate broth, using 
at least 30 ml of broth for each ml of in- 
activation mixture to be tested. The in- 
oculated broth is incubated at 37'’C for at 
least 24 hours. 

Discussion. It has been shown that 2 y 
of semicarbazide hydrochloride per y (or 
unit) of streptomycin will cause 98% in- 
activation at pH 5.3.'' Since the semicar- 
bazide-hydrochloride solution is extremely low 
in pH, potassium acetate is first added to 
the streptomycin solution to bring the final 
mixture to the desired pH. 

To justify the use of this method of in- 
activation of streptomycin as a step prior to 
sterility testing it must be shown that any 
organism resistant to 30,000 units of strep- 
tomycin per ml is also resistant to the con- 
centration of semicarbazide present in the 
inactivation mixture. This question has been 
approached in 2 ways: Thus far we have 
found no vegetative cells resistant to such 
concentrations of streptomycin but have com- 
pared the sensitivities of a number of species 
to this antibiotic with their sensitivities to 
several carbonyl reagents at much lower con- 
centrations of both substances. The results 
of such studies with 5 species are given in 
Table I. The second approach to this prob- 
lem is based on the finding that spores of 
some species of bacteria are extremely re- 


5 


S I I ++ 
d — I — h I d — h 
o i d— fd- I d- I 
+++ I d- I d- 






+ 


+ 










' OOOOOOOOr-i 


w M po eo fo 
o O O o o 


o 


I cn ,_4 
L o K 




ISSI. 

PO CO CO eo t 
O O o o c 


3 CO CO CO 

> o o o 


^ il s 

o o 
' *s 


s c 

r ® 

S c 

“c 

Sr-*" 

00 

^ 2 
CJ o & 

^=5 tfi 


0 CO CO I 

5 o o’ I 


5 CO CO 
3 o’ o’ 


I I 


r-t Cl CO ».0 




rH ■- 3 

C5 O g 
U I-- 

I I' I 


O o ^ 


Ch eg 

cn a 

S = 

« - 


2 £ S 

^ CO CZJ 



Supplement to Proc. Soc. Exp« Biot, and Med.t March, Apr0, May, 194S 


Members and Subscribers are requested to 'help members, subscribing and other 
libraries in the bombed Allied war zones. They are in dire need of the Proceedings 
published during the war. The Council voted to send the Proceedings to our members 
and subscribers in these areas without cost. Many were sunk in transit. Our stocks 
of certain numbers (see List I) are entirely exhausted. 
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Please return this form when mailing copies 


iHMMMHiteHMMn 

liaiiiMMy 


Please send Proceedings with this slip to 
GrifEths Press, 100 Liberty St., Utica, N. Y, 
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Buffers at pH 6.5-9.6 


TABLE I. 


pll Values of Buffers at 23°C and ST^C. 


0.1 N irci 

cc 

Collitliiie 

Tris (Iiydro.vyinotliyl) * 
nmiiioinetliniio 

2-!imiiui-2-inctliy]-l,3- 

propancdiol 

23 •’C 

.37°C 

23 “C 

,37»C' 

2.3 °C 

37°C 

* 5 .n 

S..35 

8.28 

0.10 

8.05 

0.72 

0.02 

7.5 

8.1S 

8.10 

8.02 

8.78 

0.50 

0.45 

10.0 

8.00 

7.04 

8.74 

8.00 

0..3S 

9S7 

12..1 

7.88 

7.80 

8,02 

8.48 


0.15 

•i.s.o 

7.77 

7.70 

8.50 

8.37 

0.15 

0.03 

17.0 

7,07 

7.00 

8.40 

8.27 

0.05 

8.04 

20.0 

7.57 

7.50 

8.32 

8.18 

8.90 

8.85 

22..1 

7.50 

7.40 

8.23 

8.10 

8.87 

8.70 

*2.1.0 

7.40 

7.32 

8.14 

8.00 

8.78 

8.07 

27.5 

7.30 

7.23 

8.05 

7.00 

8.70 

8,58 

;io.n 

7.22 

7.14 

7.00 

7.82 

8.00 

8.50 

*.32.5 

7.1.3 

7.05 

7.87 

7.73 

8.50 

8.40 

,35.0 

7.03 

0.05 

7.77 

7.03 

8.40 

8.30 

*.37.5 

0.02 

0.84 

7.00 

7.52 

S..30 

8.20 

40.0 

0.80 

0.72 

7.54 

7.40 

8.18 

8.07 

42.5 

0.02 

(>.54 

7.30 

7,22 

8.00 

7.00 

*45.0 

0.45 

0.37 

7.20 

7,05 

7.83 

7.72 


patible with Ca; however, its high cost is 
almost prohibitive. • 

Three new buffers: 2,4,6-collidine, tris(hy- 
droxymethyl)-aminomethane and 2-amino-2- 
methyl-ljS'propanediol, are suggested for the 
use in the pH range between 6.5 and 9.6. 
They are quite soluble, do not precipitate 
Ca salts, and are low in price. They were 
found to be stable at room temperature for 
a period of over 3 months. Collidine and 

Tris (hydroxymethyl )-aminomethane, to be 

used in the pH ranges between 6.5 and 8.3, 
and between 7.2 and 9.0, respectively, were 
tested by Dr. E. S. Guzman Barron for their 
effect on the uptake of rat kidney slices 
in the presence of 0.01 M pyruvate. The 
concentration of the buffers was 0.02 M. phos- 
phate buffer being used as a control. The 
results with the different buffers were all 
well within the limits of experimental error, 
thus showing complete lack of inhibitory ac- 
tion Tris (hydroxymethyl) - aminomethane 

and 2 -amino- 2 -methyl-l, 3-propanediol (range 

pH 8.0 to 9.7) were tested for 
on alkaline phosphatase at pH 9.1, 0^05 il 
glycerophosphate being used as a substrate 
Bmbital and Delory and King’s- carbonate 
buffers served as controls. Again, no in- 
hibitory effect was noted. 

The pK„ values of the new buffer sub- 

Soc. Lxp. 

Biol, axd JtKO., ■IS, 204. 


stances were determined by the electrometric 
determination of the pH of their half-neu- 
tralized 0.05 M solutions at 23 °C and 37°C. 
The apparatus used was a Leeds and Northrop 
potentiometer with glass and calomel elec- 
trodes. Phthalate buffer served as a standard. 

1. 2,4,6-collidine (s-collidine).t Colorless 
liquid; pH 7.4 at 23°C; 7.32 at 37°C, pK„ 
6.6 and 6.68, respectively. 

2. Tris(hydrox 3 'methyl) - aminomethane.* 
Colorless crystals; pH '8.14 at 23 °C: 8.00 
at 37°C; pKi, 5.76 and 6.0, respectively. 

3. 2-amino-2-methy]-l, 3-propanediol.* Col- 
orless, somewhat hygroscopic crystals; pH 
8.78 at 23°C; 8.67 at 37°C; pK„ 5.22 and 
5.33, respectively. 

The pH values of 0.05 M buffer mi.vtures, 
obtained by mixing 25 cc of a 0.2 M solution 
of the bases (collidine, 2.64 cc in 100 cc; 

tris (hydroxymethyl) -aminomethane, 2.43 g in 
100 cc; 2-amino-2-methyl-l ,3-propanediol, 
2.1 g in 100 cc) with varying volumes of 
0.1 ;N HCl and diluting the mixtures to the 
final volume of 100 cc, are given in Table I. 
Thj values marked with an asterisk were 
determined b}* potentiometric measurement, 
ail |the other ones were interpolated by cal- 
culation. The effect of salts on these values 
was! not determined. 

t bbt.'iin.nblp from tlie E:istm;iii ICocI;ik Co. 
Rocliestor, X. V. 

t from tlio Commerri.'il .Solvents C<ir- 

por.-itioii, ir -I-"'' Streef, Xeiv York. 
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Therapeutic Effectiveness of Single Oral Doses of Penicillin. 


H. J. IYhite, IvI. E. Lee, and C. Alverson. (Introduced b}' Raymond N. Bieter). 

From the Chcmotherapij Division. Siamforil Fesearch Lohorntoricx, Amcrienn Ci/anainid 

CompoHii, Stamford, Conn. 


\'ery few chemotherapeutic agents are ef- 
fective when administered as single oral doses 
in acute bacterial infections. Robinson, Smith 
and Graessle^ reported 80% survival with 
a batch of crude streptomycin, using a single 
oral dose of about 1500 mg per kilo, in an 
acute Salmonella infection in mice.* These 
investigators also found that a single oral 
dose of about 500 mg per kilo of crude 
streptothricin (assumed potencj' 300 units 
per mg) saved 76% of mice in a similar 
infection.- Finally, each of several analogues 
of pantothenic acid, administered as a single 
oral dose of 500 mg per kilo, has produced 
100% survival in an acute hemolytic strep- 
tococcal infection in mice. 

It is the purpose of the present com- 
munication to report preliminary results of 
a study of the therapeutic effectiveness of 
single oral doses of penicillin. 

Methods. The penicillin powder used in 
this work was labelled “Crude, Penicillin G, 
pH 5.0 salt.” It was supplied by Lederle 
Laboratories, Pearl River, N. Y. Its potency 
was determined as 650 Staphylococcus units 
per mg. Thus, on the basis of 1667 units 
per mg of pure penicillin G, the purit,v of 
the powder was considered to be approxi- 
mately 39%, 

The untreated experimental streptococcal 
infection is characterized by rapidh' develop- 

' RoVnison, H. ,t., .Smitli, P. G., .nul Gracssle, 
0. K., pROc. Soc. Exp. Biol, .cnd Med., 1044, 57, 
22(i. 

* Tile dosage reported was .1000 units. The 
dii.ie given above was calculated on the assuiiip- 
tioiis that the strcptonirein s.iiiiple coiit.iined 100 
units per mg and that the average mouse weight 
was L'O g. 

- Robinson, II. J., and Smith. D. G„ J. Pharm. 
ond Fxp. Thrrnp., 1044, 81, .SOO. 


ing septicemia uniformly terminating in death 
within 48 hours. Treated animals alive on 
the 21st day after infection are considered 
to be completely protected. 

Results. The therapeutic effect which can 
be obtained with a single oral dose of penicil- 
lin is shown in Table I. It is evident that 


TABLE I. 

Thcr.apoutic Effectiveness of Single Oral Doses of 
Penieillin. 


Orgnnisni ; 

tlrmolptic streptococcus; Group A; 

strain CdOo. 



Mice: V.anderwcrhen ; 18-22 

g- 

Infection : 

Intraperitoneal ; 

0.5 ec of ,1 lO-a 

broth dilution 

of a 6-hour TSP-blood broth cul- 

tiirc; 4000 ± 400 organisms. 


Trc.atinent : 

Penicillin powder containing 050 

units per mg; 

; single dose bv 

stoinaeli tube iui- 

mpdi.ately after infection. 



Suirival on 

Dose ealeulaf ed 

Single 

21st day 

fls puro 

do.se 

after infection 

penicillin G 

mg/kg 

alive/totnl Xo. 

mg/kg 

4000 

10/10 

1600 

2000 

10/10 

SOO 

1000 

10/10 

400 

500 

10/10 

200 

2.j0 

30/30 

100 

200 

30/30 

SO 

150 

30/30 

GO 

100 

30/30 

40 

50 

30/30 

20 

25 

20/30 

10 

rntreated controls 0/40 

— 


a single dose of only 25 mg (equivalent to 
16,000 to 17,000 units) per kilo of mouse 
produced a marked effect (97% survival). 

Discussion. The fact that 97% survival 
was obtained with crude penicillin powder 
(650 units per mg) administered orally as 
a single dose of 25 mg per kilo suggests 
clinical applications for streptococcal infec- 
tions. Thus, an equivalent dose for a 60-kifo 
patient would be 1.5 g; e.xpressed as pure 
penicillin G, this dose would be only 0.6 g. 
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11th daj' of lactation, during which time the 
average weight of the corpora lutea decreased 
abruptty. 

During the first 20 days of lactation the 
ATP-ase activity of the corpora lutea of 
the post'partum ovulation paralleled closely 
the activity of the corpora of pregnancy dur- 
ing gestation. The increased ATP-ase after 
day 20 was correlated with decreasing lacta- 
tion and reappearance of estrous cycles. 

When the above results are calculated on 
the basis of change per corpus luteum rather 
than change per mg of tissue, the weight and 
the ATP-ase activity increase at practically 
identical rates during the periods of gesta- 
tion in which there is active progesterone 
secretion The same relationship holds for 
the corpora of the post-partum ovulation dur- 
ing the first 20 days of lactation. Imme- 
diateh'- before parturition and late in lacta- 
tion the relationship changes so that the rate 
of change in ATP-ase activity exceeds the 
weight change rate. Following parturition 
both the weight and ATP-ase activity de- 
crease, but the latter lags considerably behind 
the former. These results indicate a parallel 
increase in size and ATP-ase activity of the 
functional lutein cell, which suggests, together 
with other evidence linking the ATP system 
with lipid metabolism,^'® that ATP-ase may 
be involved in the production of progesterone 
by the functional corpus luteum. 

The enzyme activity of the ovarian residue 
during pregnancy increased to a high value 
on day 7, then decreased significantly on 
day 11, and remained approximately un- 
changed until after parturition. Following 
littering a maximum was reached on day 11 
of lactation. 

We have also studied the succinic dehy- 
drogenase activity of lutein and ovarian tis- 
sues throughout pregnancy and lactation' to 

a Atkinson, W. B., .niul Hooker, C. W., Anat. 
See., lO'in, 93, 75. 

•* Laqueur, G. L., and Kocts, P., Proc. Soc. Exp. 
Bion. AXD ilED., 1945, 00, 239. 

ai^ordy, H. A., H.mscn, K. G., and Phillips, P. 
H., Arch. Biocltctn., 1945, C, 41. 

c Lehningcr, .\. L., J. Biol. Chem.. 1945, 157, 
363. 

~ Unpublished dat.n. 
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Such doses appear to be “massive” only when ferent lots of penicillin in the streptococcal 
expressed as “units.” The advantages of and other infections in mice. 

■therapeutic administration of penicillin in a Summary. Survival of 97% was obtained 
single oral dose, or in oral doses given once in a streptococcal infection in mice with 

or twice a da}"^, are obvious. crude penicillin powder containing 650 units 

Further work is in progress to determine per mg, administered in a single oral dose of 

the effectiveness of single oral doses of dif- 25 mg per kilo. 
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Adenosine Triphosphatase Activity and Weight of Corpora Lutea During 
Reproductive Cycle of the Rat.* 

Clyde Biddulph, Roland K. Meyer, and W. H. McShan. 

From the Department of Zoology, Vniversity of Wisconsin, Madison. 

Adenosine triphosphate (ATP) and the out lactation was based on the differences in 
ATP-splitting enzyme, adenosine triphos- size, shape and color. That these criteria 
phatase (ATP-ase), have been found in tis- were adequate was confirmed by marking 
sues other than muscle,^ and evidence has the corpora of pregnancy with fine silk thread, 
been presented that the ATP system links the The corpora and ovarian residue were weighed 
energy-requiring reactions of tissues with the and homogenized prior to adding to the 
energy-yielding reactions.- These results incubation mixture. Each ATP-ase value in 
suggested an investigation of the ATP-ase the table is the average of 9 determinab'ons 
activity of ovarian structures since these tis- (3 for each of 3 rats), and each weight is 
sues undergo rapid changes in growth and the average of the corpora lutea obtained 
function during which large amounts of en- from 3 rats. 

ergy must necessarily be involved. Results and Discussion. In diestrus there 

“ - ivas a slight increase in the ATP-ase of the 

corpora lutea and ovarian residue above the 
estrus level. The average weight of the 
diestrous corpora was essential!}’' the same 
as that found in estrus. During pseudopreg- 
nancy the 'weight of the corpora increased 
somewhat from the estrus level, but the ATP- 
ase activity did not change significantly. As 
pseudopregnancy progressed a definite de- 
crease in the value of the ovarian residue 'ivas 
noted. At II days estrus was imminent, 
and the results suggest an inverse relationship 
between estrogen level and ATP-ase of the 
extra-luteal tissues. 

The ATP-ase activity of the corpora lutea 
during pregnancy, ivhen calculated on a per 
mg of tissue basis, did not show marked 
variation despite the fact that the average 
weight of the corpora lutea progressively in- 
creased. Late in pregnancy an increase in 
activity was found which continued until the 

1945, SO, 87. 


Materials and Methods. Lhe metnod oi 
DuBois and Potter^ was used in determining 
the ATP-ase activity of corpora lutea and 
remaining ovarian tissue of female rats dur- 
ing estrus, diestrus, pseudopregnancy and 
lactation at the intervals indicated m Table I. 
This method measures the amount of inor- 
ganic phosphorus released by the enzyme of 
tissue tvheu MP Ui ueed » 
substrate in a buffered solution (pH 7.4) 
containing calcium. The corpora lutea were 
dissected from the ovaries using 
scalpel blades and spectacle loupes. The 
idendfication of the corpora of pregnancy and 
corpora of t he post-partum ovulation thro ^ 

Chem., and Comp. Fliysiol., 

spotter, V. B., 
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TABLE I. 

Tdtal Daily Erinan- IT-Ketosteroids. 

Control iicriod. norma! sleep Exjicrimcntal period, no sleep 

days days 

1st 2nd 3rd 1st 2nd 3rd 4tli 


Group .V 

Med. 




Blac. 

Plac. 

Plae. 

Plae. 

KA 

20.8 

23.C 

24.9 

22.(1 

20.9 

21.5 

18.5 

EB 

17.0 

18.1 

15.7 

14.0 

10.1 

14.8 

17.0 

BB 

11.8 

13.1 

11.9 

12.7 

11.5 

15.2 

11.5 

LC 

21.1 

22.7 

23.4 

18.C 

18.4 

19.0 

21.2 

DM 

14.2 

17.1 

14..1 

17.2 

19.1 

17.0 

14.0 

RT 

19.1 

10.3 

19.3 

20.0 

10.7 

10.7 

13.7 

Mean 

(17.4) 

(19.0) 

(18.2) 

(17.0) 

(17.1) 

(10.5) 

(16.1) 

Group B 

:Mtd. 




Amvtal 

Amvtal 

Plae. 

Plae. 

BA 

17.(5 

21.8 

19.8 

IS.S 

14.4 

17.3 

17.9 

MB 

1.1.4 

14.7 

13.5 

13.(( 

10.1 

11.4 

13.3 

CE 

20.7 

20.7 

23.7 

2*2.0 

17.S 

20.6 

17.9 

EF 

1(5.0 

17.4 

19.7 

17.1 

14.3 

10.4 

10.5 

DL 

10..! 

12.0 

12..1 

14.0 

12.0 

9.2 

12.3 

TL 

17.1 

21.(1 

18.7 

Ifi.S 

17.7 

19.S 

IS.O 

Jtcaii 

(lf..l) 

(17.8) 

(18.0) 

(17.1) 

(14.4) 

(1.5.7) 

(16.0) 


Values expressed as mg dcliydro-iso-androsterone. 


after. The other group (A) received placebos 
throughout. .All received the same food and 
participated in the same activities. ' 

Urine was collected, first as a control under 
normal conditions of sleep, for 3 days prior 
to the experiment, and during the sleepless 
period of 112 hours, as follows: Each man 
saved his entire output for each 24-hour 
period in a bottle containing 10 cc of con- 
centrated HCl. Each sample was acidified 
immediately after the termination of each 
24-hour period with a volume of concentrated 
HCl equivalent to 15% of the total urine 
volume, and stored at 2-4''C. 

Pincus’ procedures for hydrolysis and ex- 
traction," and the colorimetric method of Cal- 
low^ were employed. The concentration of 

, In order to keep flie men awake for prolonged 
periods, it. is necessary tliat they he on a jirogram 
of continuous pliysieal activity. This is par- 
ticularly import;int after the first day. This ex- 
l>erinu'nt is one of many dealing with prolonged 
wakefulness involving almost 700 subjects. Be- 
cause of the interest at the moment in 17- 
ketosteroid output during various conditions of 
stri-ss, it seems to he desirable to report the results 
of this phase of the study at the present time. 

•' I’inens, G., and Pearlman, IV. 11., Endocrinol., 
1041, 2n, 413. 

t Callow, X. K., Callow. R. K., and Emmens. 
C. W., A’loc/icm. 10.3S. 32, 1312. 


total 17-ketosteroids was calculated by means 
of a calibration cunx which had been es- 
tablished with graded amounts of dehydro- 
iso-androsterone acetate. Suggestions by Tal- 
bot et al:' ’’’ and Engstrom and Mason' were 
followed for correction of the results for the 
influence of non-ketonic chromogens. In 13 
representative samples, the non-ketonic frac- 
tion was separated from the ketones by the 
use of Girard's reagent T : from the colorimeter 
readings obtained with these samples, a 
calibration cur\-e was drawn for the correction 
of all other samples. 

Results and Discussion. The results are 
gb'en in the table, and indicate that: 

Prolonged wakefulness did not change the 
level of the urinary 17-ketosteroids. The 
values for each individual of the placebo 
group, as well as for this group as a whole, 
were not significantly different for the con- 
trol and the e.xperimental periods. This is 
in agreement with a previous, but incomplete, 
study made by one of us. (D.B.T.) on 
20 subjects in which prolonged wakefulness 


.'•TaUxit. X. n., Butler, A. M., M.-n-Laclilan. E. 
.\., and .Tones. R. X., ,1. lUnl. Clifm., 1040. 130. 3(5.7. 

'•TallHit, X. B., Berman, R. and MaeLnth- 
lan, E. A., .1. Jiinl. Chem., 1042, 143. 311. 

7 Engstrom. W. \V., and JIason, H, L., 
Kintiirriiinl., 1043. :W, 320. 
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extend previous studies of this enzyme sys- 
tem in these tissues.® In these studies it was 
also found that the dehydrogenase activity 
varies with the stage of the reproductive cy- 
cle, there being a steady increase in the QOj 
of the corpora lutea of pregnancy until mid- 
term after which this level is maintained un- 
til parturition. During lactation the value 
declines rapidly to the early pregnancy level 
and remains there throughout 20 days of 
suckling. The QO- of the corpora lutea of 
the post-partum ovulation increases until day 
20 of lactation when the highest value ob- 
tained from any ovarian tissue is reached. 
The QOi' of the ovarian residue does not vary 
markedly during pregnancy or lactation. 

Summary. The ATP-ase activity and 


weight of lutein and ovarian tissue were de- 
termined during estrus, diestrus, pseudopreg- 
nancy, pregnanc}'^ and lactation. The results 
indicate that in general the enzyme activity 
per unit weight is lower in functional corpora 
lutea than in apparently non-functional 
corpora. The weight and enzyme activity 
per corpus luteum increased and decreased 
at approximately the same rate during preg- 
nancy and lactation. The enzyme activity 
of ovarian tissue remaining after the removal 
of the corpora lutea was greatest on the 4th 
day of pseudopregnancy, 7th day of pregnancy 
and 11th day of lactation. 


■s Jfeyc*!', Roliiiid K., Iti-Sliiin, W. H., ami Erway, 
AViJimi P., Endocrinology, 11)45, ST, 433. 
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Effect of Prolonged Wakefulness on the Urinary Excretion of 

17-Ketosteroids.* 

David B. Tyler, Walter Marx, and Joseph Goodman. 

EroHi Ihe Jl'i/liaiii G. Karhhoff Lahoratoric.t of the ISiolopictil Sciciicc.t, Cotifoniio Inetitutc of 

Technology, Pasadena, Calif. 


Selye’ has shown that a number of dif- 
ferent types of stress cause a stimulation of 
the adrenal cortex. As a result of this 
stimulation, the adrenal secretes more sub- 
stances of steroid nature, and the level of 17- 
ketosteroids in the urine is increased. Pmeus 
and Hoagland= demonstrated such an ’"crease 
in the output of 1 7 -ketosteroids m pilote 
under conditions of stress produced by actual 

‘'’Prolonged wakefulness may be considered 
a condition which causes cons^derable^tress 

roffTce of Seicutific Resoarel. .-nd Development 

, Selyc, H., Endoeruwl 193. -1^1 
e Pineus, G., and Hoagl.and, H., J- 

194.S, 14, 17.3. eoniplcted, Pineus et al.S 

that dm ;7.ketoste.oid excretion is reduced 

during sleep. 


on the organism. If the response of the 
adrenal cortex to stress were a general 
phenomenon, it would be expected that pro- 
longed wakefulness would induce a similar 
stimulation of the cortex with a resulting 
increase in the e.xcretion of 17-ketosferoids. 

Methods. Twelve subjects,! ranging in age 
from 18 to 33 years, were used. They were 
divided into 2 groups of 6 each. One group 
(B) received 1 grain of amytab' every 12 
hours for the first 48 hours of the sleepless 
period and then placebos every 12 hours there- 

* Tnclve conscientious ot>,jwtors~of~tli^e Glend^ 
Civilian Public Service C.unp volunteered for this 
nnd otlicr experiments c.urried out under this 
pro.ieet, and tlicir cooperation was e.vcellent 

5 Amytal was given in tins expori.nent to de- 
termine its effect on the pcrfovmance of men 
who might bo forced to ronmin awake for pro- 
longed periods of time. It was .n constituent of 
a motion sickness preventive being considered for 
general use by tlie armed services. 
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tion was shown to be bacteriostatic in high 
dilution and bactericidal in more concentrated 
solution. 

In the present communication subtilin was 
tested for its effect upon Type III pneu- 
mococcus in vivo. 

Experimental. Nine white mice, weighing 
between 20 and 25 g, were injected intra- 
peritoneally with 0.1 cc of a 24-hour serum 
broth culture of Diplococcus pneumoniae, 
Tj'pe III. Three of the mice were not treated 
but served as controls; 3 were treated im- 
mediately; the remaining 3 were treated one 
hour later. Each mouse was injected intra- 
peritoneally with O.S cc of a solution contain- 
ing 0.1 mg subtilin per cc unit)* and 
every 4 hours thereafter throughout the first 
day. Three injections were given on the sec- 
ond day and one on the third. The schedule 
of treatments and results obtained are re- 
corded in Table I. It may be seen that all 
of the control mice died in about 24 hours. 
On the other hand, all of the treated animals 
were living 2 weeks after treatment was 
discontinued. The animals were discarded 
after this period of time. 

In a second series a larger number of 
animals (36) was used to check the results 
obtained in the first experiment. Each mouse 
was injected intraperitoneally with 0.1 cc of 
a 24-hour serum broth culture of Type III 
pneumococcus. The treated animals were 
each given O.S cc of a solution containing 
0.1 mg subtilin per cc. Six mice were not 
treated but used as controls; 6 were treated 
immediately; 6 were treated after an interval 
of 1 hour; 6 were treated after 3 hours; 6 
after 6 hours; and 6 after 9 hours. The 
animals were given another treatment 3 hours 
after the first injection, and every 3 hours 
thereafter until 9 p.m., then continued the 
following morning. The treatments were 
continued for approximately 48 hours. The 
results are recorded in Table II. It may be 
seen that all of the control mice died in 
from 24 to 36 hours after being given an 
injection of Type III pneumococcus. On the 
other hand all of the treated mice survived 
after being given subtilin for only 48 hours. 

S A. J., and Jann, Gregory .T., Pboc. Soc. 
Ext. BioIa axd JIed., 1940, (Jl, 23. 
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appeared to have no significant effect on the 
urinary 17-ketosteroids. 

The administration of 1 grain of amytal 
every 12 hours during the first 48 hours of 
the sleepless period resulted in a slight but 
noticeable depression in the excretion of these 
substances. This was most noticeable on 
the 2nd day. Upon stopping the amytal 
administration there was a gradual rise to 
the pre-amytal or control values. 

Total urine volumes varied greatly between 
individuals as well as from day to day. The 
amount of ketosteroid excreted appeared to 
be practicalh’^ independent of the total urine 
volume. 

The observations that fatigue from sleep- 
lessness did not influence the urinary excre- 
tion of 17-ketosteroids are in contradiction to 


the findings of Pincus and Hoaglandy and 
Pincus, Hadidian and Yeaton.® It must be 
pointed out, however, that in our experiments 
the output of an entire 24-hour period was 
measured, while the results of Pincus and 
Hoagland were based on samples collected 
during relatively short periods of stress. 
Furthermore, the type of stress was different 
and, therefore, the results are not strictly 
comparable. 

Summary. 1. The urinary e.\'cretion of 17- 
ketosteroids of normal young men was not 
influenced by prolonged wakefulness (112 
hours). 2. Amytal given during such an ex- 
periment slightly depressed the output of 
these substances. 

n Pincus, G., Hadidian, Z., and Yeaton, M., 
federation Proc., 1946, 5, 81. 
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Subtilin— Antibiotic Produced by Bacillus subtilis.* HI. Effect on Type III 

Pneumococcus in Mice.f 

A. J. Salle and Gregory J. Jann. 

From the Department of Dactcrtolooy, University of California, Los Angeles. 

In a previous communication^ subtilin was against a number of types of the pneumococcus 
found to e.\'ert a pronounced antibiotic action by the agar cup-plate procedure. This ac- 

TABLE I. 

Treatment of Pneumococcus Type HI Pneumonia in Mice. 


3 mice used in eacli ^roup 


Date 


Time 


Controls Treated immediately Treated after 1 lir 


2/14/4G 


2/l» 


2/10 

3/2 


12:30 p.m. 
12:30 
1:30 ” 
5:30 
9:30 ” 
8:00 a.m. 
9:30 ” 
12:30 pm 
4:00 ” 
5:30 ” 
9:30 a.m. 
Eesults 


Infected 

Infected 

Infected 

— 

0.5 ce subtilin 


— 

i i 

0.5 ce subtilin 

— 

i7 


First dead 

— 


— 

0,5 cc * * 


Second ” 


13 

Third ’ ’ 

— 


— 

0.5 cc * ’ 

0.5 cc ' * 


0.5 cc 

0.5 cc 

All mice dead 

All mice living, 

apparently 

normal 

All mice living, 

nppareutly 

normal 




Calif. 
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The Effect of Fracture • ond Growth Hormone on the 
Wean Daily Nitrogen Excretion 



Days 

Kijr- 1. 

scribed.” grovrth hormone injections were stopped. Xi- 

Following a preliminarj- period of adapta- trogen was determined by the micro-Kjeldahl 
tion to diet and cages, the nitrogen e.tcretion method. 

was followed daily for a 7-day control period. Results. In Fig. 1 are shown the cur\'es 
.At this time, both femurs were fractured daily nitrogen excretion for the 4 

under ether anesthesia. .An incision was made group:, fhe normal control group showed 
on the lateral aspect of the thigh; the muscles ^ slight but steady rise in nitrogen e.xcretion 
were freed from the bone: and a comminuted eofjre period. In the control period 

fracture of appro.ximately cm in length tjefore fracture, the lines representing the 

was produced in the middle third of^^ch nitrogen e.xcretion of the 4 groups inter- 
femur.^ The incision was then sutured. There mingled, but at the Sth day they separated 
was little bleeding, and. although ngid characteristically. That of the unoperated 
^psis w^ not obser%-ed, there wp no e\n- g^up given growth hormone dropped abruptly 
den« of infection. Daily intraperitoneal in- gf^gr the first injection and remained low dur- 
jeclions of I mg of growth hormone were injection period, but rose above that 

begun on the day of fracture and were con- normal controls after growth hormone 

tinned for 5 days. The daUy nitrogen ex- stopped. In the fractured group, the 

cretion wa s followed lor 5 more da\s a ter excretion rose on the first da\- after fracture. 

« Li, Ciioii Evans. H. M.. and Simpson, 5L reached a ma.ximum on the third, and fell 
E., .T. Biol. Chrm.. 1943. 1.30. 353. off in the following few dai-s. In the last 
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The 6 mice in the last group (9-hour inter- 
val) were in very bad condition before treat- 
ment was started. After the second or third 
injection they appeared almost normal and 
after 24 hours they appeared to be free from 
any symptoms of pneumonia. All of the mice 
were observed for an additional 14 days with- 
out any treatment, then discarded. The anti- 
biotic did not produce any observable to.vic 


reaction in the mice. 

Conclusions. Subtilin has been shown to 
exert a powerful in vivo action on the course 
of e.vperimental pneumococcus Type III in- 
fections in mice. Animals treated with 
subtilin 9 hours after being injected with 
the organism ivere quickly cured of the in- 
fection. The antibiotic exhibited no appar- 
ent toxic reaction in the animals. 
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Effect of Anterior Pituitary Growth Hormone on Urinary Nitrogen Loss 

Following Fracture.* 

Leslie L. Bennett, Adrienne P. .Applegarth, and Choh Hao Li. 

J''rniii ihf Institute of Expenmentat Biotogp and the Division of Plii/sioiogp, Universitu of 

California, Scrlclcp. 


' Introduction. It was noted by Cuthbertson* 
that bone fracture in man produced a rise 
in urinary nitrogen excretion, which, at its 
height, was not affected by a high protein 
diet. It was shown that this was due to 
more than disuse atrophy, as splinting of 
the limbs in healthy individuals produced 
only a slight rise. Howard and co-workers- 
have confirmed Cuthbertson’s work in man, 
and have demonstrated that there was a long 
period (average 35.6 days) during which pa- 
tients were in actual negative nitrogen bal- 
ance. In a subsequent publication-’ these 
same workers found no beneficial effect from 
increased protein in the diet, the added pro- 
tein being excreted quantitatively in the unne. 

In rats Cuthbertson-* noticed a similar rise 
following ’ fracture. Th e max imum nitrogen 


tl.o tJniversity of California and tl.o Rockefeller 

Foundation, New Tork City. 

1 Cuthbertson, D. P., Lancet, 194-, 1, 433. 
"Howard .T. R-, PiO'SO’b '''' o Stein, R- E-> 

E*,. ir. 


Jlosp., 1944, 7t>, lu6. , p.,rson IV., 

1 T F, Wintenntz, , 7 ., 1 arson, »., 

jlopVins Jlosp., 1344 .o - - 


e.xcretion occurred on the third day, and the 
animals had returned to normal after 5 days. 
Cuthbertson also found that the amount of 
nitrogen excreted was not accounted for by 
the loss of weight in the limb, but rather that 
tissue breakdown seemed to be occurring gen- 
erally throughout the body. Cuthbertson, 
Webster and Young'- found that a crude 
alkaline extract of the anterior pituitary pre- 
vented the rise in nitrogen e.xcretion. In 
view of these findings it seemed of interest 
to determine whether any effect could be ob- 
tained with growth hormone, inasmuch as it 
would be expected to cause nitrogen retention. 

Methods. Rats of the Long-Evans strain 
approximately 50 days old were used. In 
order to ensure a constant food intake during 
the whole experimental period, all animals 
were restricted to 10 g of stock diet per day. 
Twenty-four males were studied and were 
divided into 4 groups of 6 each. The first 
group was retained as a normal control, the 
second unoperated but given growth hormone, 
the third operated, and the fourth operated 
and given growth hormone. The growth 
hormone was a homogeneous preparation and 
was isolated by the procedure previously de- 

5 Cuflibcrtson, D. P., Webster, T. A., .-md Younc 
F. G., J. Endocrin., 1941, 2, 408. ’ 
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The Effect of Fracture -and Growth Hormone on the 
Mean Daily Nitrogen Excretion 



Days 

Fig. 1. 


scribed." 

Following a preliminary period of adapta- 
tion to diet and cages, the nitrogen e.xcretion 
was followed daily for a 7-day control period. 
At this time, both femurs were fractured 
under ether anesthesia. An incision was made 
on the lateral aspect of the thigh; the muscles 
were freed from the bone; and a comminuted 
fracture of approximately cm in length 
was produced in the middle third of each 
femur. The incision was then sutured. There 
was little bleeding, and, although rigid 
asepsis was not observed, there was no evi- 
dence of infection. Daily intraperitoneal in- 
jections of 1 mg of growth hormone were 
begun on the day of fracture and were con- 
tinued for 5 days. The daily nitrogen ex- 
cretion was followed for 5 more days after 

'■Li, Clioh II. 10 , Evans, H. M., and Simi^son, M. 
E., J. HioJ. Chcm., 159, 353. 


growth hormone injections were stopped. Ni- 
trogen was determined by the micro-Kjeldahl 
method. 

Results. In Fig. 1 are shown the curx'es 
of mean daily nitrogen excretion for the 4 
groups. The normal control group showed 
a slight but steady rise in nitrogen excretion 
over the entire period. In the control period 
before fracture, the lines representing the 
nitrogen e.xcretion of the 4 groups inter- 
mingled, but at the 8th day they separated 
characteristically. That of the unoperated 
group given growth hormone dropped abruptly 
after the first injection and remained low dur- 
ing the injection period, but rose above that 
of the normal controls after growth hormone 
was stopped. In the fractured group, the 
e.xcretion rose on the first day after fracture, 
reached a maximum on the third, and fell 
off in the following few daj's.’ In the last 
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group, fractured and growth hormone treated 
the r,se occurred but was less than that in 
the fractured untreated group. 

each^^orthe excretion for 

each of the 4 groups during the control 

penod KMtially the same, running “m 
142 mg to 144 mg ot nitrogen per da^ M 
a standard deviation of from ± 3.5 to '± 5 i 
n the 5-day postoperative period thelver- 
age daily excretion of the control grouo roso 
to 165 * 4.8t while that of the coMrof grZ 
given hormone rose only to 145 ± 4.3. Thk 
represents a daily retention of 20 mg of ni 
trogen for the treated group as compared 
with the controls for the same period The 
average daily excretion of the fractured grouD 
rose from 142 ± 5.1 to 223 ± 9.0, while 
that of the group fractured and given growth 
hormone rose only from 143 zt 3.5 to 
199 ± 8.0, representing a retention over the 
untreated fractured group of 24 mg of nitro- 
gen per day. The differences between the 
groups noted in this first 5-day postoperative 
period were all significant having p values 
of .05 and less.'^ 

In the 5-day period after growth hormone 
was stopped, the nitrogen e.xcretion of the 
control group averaged 30 mg per day higher 
than in the previous period, while that of 
the growth hormone treated group rose 58 mg. 
Also, the nitrogen e.xcretion of the group 
fractured and given growth hormone was 


7 666 


t Standard delation of tlie mean. 

T Fisher, E. A., Statistical Methods for ^Research 
Workers, Oliver and Boyd, London, 1936. 


ilgher on the average than that of the frac 
tured untreated group. ^ 

Discussion. In these experiments the re- 

l?s aL hormone 

''as approximately the same in the fractured 

and unfractured rats when they were com- 

pared with their respective untreated con- 

grl in ? effect of 

growth hormone was to lower the base line 

o nitrogen e.xcretion upon which the stress 
nr superimposed. Cuthbertson, 

IJebster and Young^ reported that a crude 
anterior pituitary completely 
fraei ^ rise of nitrogen excretion after 
though it did not promote nitrogen 
*^syond that occurring in the unin- 

anr? fh ■ ^ between our e.xperiments 

resnlfis ^hi^ could e.xplain the different 

2 Ipac ° In the present experiment 

tenrfp^nr J^ractured, creating a greater 
the evriP • ° ^'"^^hdown of protein than in 
Young of Cuthbertson, Webster and 

SdiriSn broken. In 

exDerimpn^°””^^^ animals were- used in our 
nitrogen have reduced the 

hSne. ‘he growth 

crerion”T£ followJd^^- nitrogen ax- 
treated rats with h^f f hormone 
The normal q ^ x femur fractures. 

SLTsh'. “d Sive. sr.wd. 

crease in nitrogen^Lrer ^ 

'vith their respective conZls 
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Measured Dose of Gamma Hexachlorocyclohexane (y 666) R 

Flies and Cockroaches, and a Comparison with DDT^^'^ 


J. Savit, J. J. Kollros, AND J. M. Tobias. (Introduced by R. w q 
From the University of Chicago Toxicity Laboratory* and Department of Physiol 


Hexachlorocyclohe-xanet or “666” has been 

said to be more toxic than DDTt for cer- 
tain insects-'"’'’®’®'^ and mammals.® As was 
also true of DDT until recently,'® however, 
most of the information is in terms of percent 


kill after e.xposure for a given r 
given environmental concentration !f ^ 

* Tills work ivas carried out under — 

the Medical Division of the ^th 

Service. Warfare 
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agent. There are very few data available'* 
on the actual measured dose (mg per kg) re- 
quired to kill insects. E.vposure data are 
invaluable from the point of view of field 
application,® but for studies on mechanism 
of action, it is essential to know the approxi- 
mate dose which an insect must receive to 
produce death or some other specific physi- 
ological effect.^^'*® Therefore, measurements 
have been made of the LD50 (mg per kg 
required to kill 50%, determined graphically 
and by the method of Bliss*) of the active 
gamma isomer of hexachlorocyclohexane for 
flies (Mttsca domestica and CalUphora spp.) 
and the cockroach (Periplatieia americam). 

Methods. Since the gamma isomer of 
hexachlorocyclohe.xane is far more toxic than 
the alpha, beta or delta forms, and is the 
important constituent of manufactured 666, 
it has been used in pure form (m.p. 112.5°C)*" 
throughout, in these studies. All roaches 
have been unanesthetized, but flies were light- 
ly anesthetized with ether during the ad- 
ministration of the toxic agent. 

Methods of administration have been es- 
sentially the same as those used in a similar 
study of DDT.*® The toxic agent, dissolved 
in acetone, was delivered through a 27-gauge 
hypodermic needle, from a 0.25 cc tuberculin 
syringe fitted with a micrometer screw-driven 
piston.*® Such an instrument is capable of 
delivering volumes of liquid of the order of 
0.2 mm® with about 5% accuracy. For 
injection purposes, in the roach, the needle 

1 1, 2, 3, 4, 0 , 6, hcxachlorocyeloliexane or “606” 
is a mixture of alpha, beta, gamma and delta 
isomers. The name “Garamexane” refers to the 
active gamma isomer as does “y 600.” 

+ 2,2-bi3(p-ehIorophenyl)-l,l,l-trich!oroethanc. 

t Bliss, 0. h., Ann. Appl. Biol., 1935, 22, 13-1. 

-Bracey, P., and David, W. A. L., (British) 
Insecticide Bciclopment Panel, 1944, (44), 170. 

3 Cameron, G. E., and Burgess, F., (British) 
Insecticide Development Panel, 1944, (44), 131. 

■* D.avid, W. A. L., (British) Insecticide De- 
velopment Panel, 1945, (45), 236. 

Gersdorff, IV, A., and JIcGovran, E. E., Soap 
Olid Sanitary Chemicals, 1945, 21, 117. 

® Jenkins, D. AV., XJ. S. Army Service Forces, 
Chemical Warfare Service, Medical Division Ee- 
port No. 56. Edgewood Arsenal, Md., Sept. 26, 
1945. 


was made to enter the abdomen beneath a 
sternite and near its hinge-like point of at- 
tachment. Upon TOthdrawal of a needle so 
inserted the sternite falls back into place 
and seals the hole. No leakage has been 
seen following such a procedure. For surface 
application, roaches were held by the t\dngs. 
The y 666 was then deposited beneath the 
wings on the dorsum of the thorax from the 
instrument described above, but now through 
a blunted needle held flat against the body 
surface. When folded back into place the 
seldom-moved wings protect against loss of 
drj' powder remaining after solvent evapora- 
tion. Control animals were given acetone 
without the y 666 (Tables I and II). 

Roaches were kept in large battery jars, 
in groups of 10 or fewer, with food and 
water continuously available. Flies were kept 
in similar groups in ISO cc wide-mouthed 
bottles. 

Results. The detailed data are shown in 
Tables I and II, and are summarized and 
compared 'with similar data for DDT in 
Table III. It will be seen (Tables I and II) 
that in the region of the LDso, changes in 
dose of y 666 made relatively little difference 
in terms of mortality. This plateau-like 
region of the toxicity curve is thought to be 
due to gross inhomogeneity of the test ani- 
mals. Neither sexes nor specific ages were 
carefully selected and random variations in 

r Kearns, C. W., Ingle, L., and Metcalf, E. h., 
J. F.con. Ent., 1945, .38, 661. 

s Madden, A. H., Lindquist, A. 'W., and Jones, 
H. A., V. S. Dept, of Agric. Bar. Ent. and Plant 
Qiiar. Int. itep.. No. 0-101. 

OMcGovTan, E. E., Gersdorff, W. A., Fales, J. 
H., and Piquett, P. G., (British) Insecticide De- 
velopment Panel, 1944, (44), 209. 

19 McMaster, P. D., Eockefcller Inst, for Med. 
Research, N. T. C., personal communication. 

11 Bichards, A. G,, and Cutkorap, L. K., Biol. 
Bull., in press. 

12 Slade, E., (British) The Barter Memorial 
Lecture, Insecticide Development Panel, 1945, (45), 
237. 

13 Tobias, J. M., Kollros, J. J., and Savit, J., 
,1. Pharm. and Exp. Then.. 1946, 80, 2S7. 

11 Tobias, J, M., and Kollros, J. J., in press. 

15 Tobins, J. M., Kollros, J. J,, and Savit, J,, in 
press. 
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TABLE I. 

Toxicity of y (i(i(i for flic Cockroncli (PrripUtncta nmcricann). 


% inort.iiity .'it liours imlie.itccl 



Xo. 

Vol. given 

Y <HiG 

/ 





Route 

roadies 

mma 

mg jier kg 

24 

48 

72 

9G 

120 

.Surface 

10 

1.0 

0 

0 

0 

0 

0 

0 


20 

1.0 

1 

10 

10 

15 

20 

20 


.1.1 

0.4-1.0 

4 

3G 

45 

50 

50 

50 


25 

0.6-1.0 

(! 

28 

.52 

50 

5G 

50 


10 

0.8 

8 

GO 

70 

80 

SO 

SO 


49 

1.0 

10 

18 

45 

49 

57 

59 


20 

1.0-2.0 

20 

20 

GO 

G5 

70 

75 

Injection 

10 

1.0 

0 

0 

0 

0 

0 

0 


10 

1.0 

1 

0 

10 

10 

20 

20 


10 

1.0 

4 

20 

50 

GO 

70 

70 


10 

1.0 

G 

20 

20 

30 

30 

40 


20 

1.0 

10 

20 

05 

75 

80 

SO 


10 

1.0 

20 

30 

GO 

70 

80 

SO 


Gi-.-iiiliic.-illy (Ictorinincd 

Approxiiiintc 120-lir (stii fiico), 5 iiig per kg (riingc 4 to 7,5). 

AlJproxini.'ite 120-lir LD.-,o (injection), 4 mg per kg (r.mge .3 to 7.5). 

By nietliod of Blissi 

120-lir BD-,0 (siirf.neo), 4.57 mg per kg (fidiicinl limits 1. 0-0.4 mg per kg). 

120-lir liD.-io (injection), 3.30 mg per kg (fidiiei.nl limits less tlniii n.5-1.3 mg per kg). 


TABLE II. 

Toxicity of y GOO Ajiiilied to tlie Body Surfiiee of Flies (in Acetone). 


Xo. Vol. npplied Y ^CG 

Species flips miiGJ mg per kg 


% mortality at 
liours indic.'ited 

24 S 


^fvsc^ (lomcstica -o 

(newly emerged, 1-18 lir) 2o 

* 2i} 

oo 


0.4 

0.3 

IG 

20 

O.G 

0.4 

52 

GO 

0.8 

0.5 

5G 

GO 

1.0 

0.7 

91 

95 


(older .ndults) 


CftUipliora spp. 
(older adults) 


31 

1.0 

20 

1.0 

30 

0.4 

30 

O.G 

50 

0.6 

15 

1.0 

10 

0.4 

5 

1.0 

20 

0.0 

19 

1.0 

33 

0.4 

20 

O.G 

32 

0.8 

15 

1.0 


0 

3 

0,3 

0 

0.5 

30 

0.8 

33 

1.4 

64 

1.8 

87 

2.7 

90 

3,5 

100 

G.O 

100 

7.0 

100 

0.5 

24 

0.7 

10 

0.9 

41 

1.2 

80 


3 

3 

30 

53 

07 

100 

90 


42 

GO 

Go 

100 


Gnapliically dPtermined 
Approximate ■iS-lir 
. _!j.„,-;„inte 48-lir LD.-, 


(Jfiiscn-newly emerged), 0.4 mg per kg (range 0.4 to 0.5). 
Appro.'iii**""- y "O ntysM-oIdcr adults), 1 mg per kg (range 0.7 to l.o). 

- Itilr lb™ spp.-oldcr adults), O.G mg per kg (range 0.6 to 0.7). 

ByS^f'Blto emerged), 0.4 mg per kg (fiducial limits less than 0.1-0.65 

per kg). 


48-lir LD.-in (I"'', ‘ ' 

than 1.2 mg per kg). 
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TABLE III. 

Comparative Toxicity of y GOG and DDT for Flics and Cockroaches.' 

Approximate LD.-^o, mg per kgt 

✓ 

Surface Injection 


r ' r ~ A 


Insect 

y OGG 

DDT 

Y GGG 

DDT 

FcripUincta amcricniia 

5 

10 

4 

5-8 1 

Musco (lomcsiicn 

(newly emerged) 

0.4 

O 

— 

— 

(older adults) 

1 

8-21 

— 

— 

Calliphora spp. 

(older adults) 

O.G 

9-28 

— 

— 


* DDT data.i^ 

t Eoach observation period 120 hours, fly 4S. Solvent acetone in all cases. 
+ Probably closer to 8.^*^ 

X.B. All data in this table graphically determined. 


either or both of these categories could ac- 
count for such a spread. 

From Tables I and III it can be seen that 
the LD.io for y 666 applied to the surface 
of the cockroach (4.6 mg per kg) is not 
significantly different from that for intra- 
abdominal injection (3.4 mg per kg). This 
approximate equivalence in toxicity of sur- 
face-applied and of injected material is a 
most interesting phenomenon, and has also 
been demonstrated, in the case of the cock- 
roach, for DDT.’'* It is not known to the 
authors to occur with any toxic agent ad- 
ministered to mammals. The finding again 
highlights the importance of the extremel}' 
efficient absorption of certain substances bj' 
the insect body surface. It is most unlikely 
that this absorption took place through 
spiracles, since in the roach, where application 
was easily localizable, the toxic agent was 
placed on the body at a considerable distance 
from the spiracles, and inspection revealed 
rapid evaporation of solvent with little flow. 
In the case of DDT, in addition, there has 
been shown to be a positive correlation be- 
tween the presence of a chitinous exoskeleton 
and susceptibility to the external application 
of the toxic agent.^' 

Gamma 666 is only about twice as toxic 
as DDT for the cockroach (Table III). 
For the adult fly, however, it is distinctly 
more toxic (LD.-,n, 0.8 mg per kg) than DDT 
(LD.-,,, 8 to 28 mg per kg). The data show 
that it is also somewhat more toxic (p = 0.05) 
for the newly emerged fly (Musca domeslica) 
(LD.-,,i, 0.4 mg per kg) than for the adult 


(LD.-,o, 0.8 mg per kg), but the decrease in 
sensitivity as the fly ages is less than that 
reported’ for DDT (Table III).i=* The 
toxicitj' data reported here suggest a some- 
what greater absolute toxicity of y 666 for 
adult flies than do those of David'* who 
reported a maximum median lethal dose of 
2 and 3 mg per kg for the male and female 
respectively of Musca domestica. The dif- 
ference is small, however, and may not be 
a meaningful one. 

Those flies (Musca domestica) and roaches 
(Periplaneta amcricana) which die after a 
surface applied LD.^o dose of y 666 do so 
more quickly than after a comparable dose 
of DDT.*'* In addition, although the times 
have not been measured, it is the strong im- 
pression of the authors that these insects show 
symptoms of poisoning (tremors, ataxia, con- 
vulsions, falling, prostration) much sooner 
after y 666 than after a comparably toxic 
dose of DDT. This is important, since a 
faster “knockdown rate” implies less time for 
ranging and oviposition. 

Conclusions. 1. The approximate LD.-jo for 
y 666 in the cockroach (Periplaneta amcri- 
cana) is 4.6 mg per kg when applied to the 
body surface and 3.4 mg per kg when injected 
intra-abdominally. These values are not sig- 
nificantly different. 

2. An approximate equivalence, similar to 
that noted above, between surface and in- 
jection toxicity for the roach has been re- 
ported for DDT. This finding emphasizes 
the importance of the absorptive capaciU^ 
of the insect body surface for contact poisons 


48 


Capsular Swelling with Chicken Anxiseruji 


in contributing to the effectiveness of in- 
secticides. 

3. The approximate LD^o for y 666 applied 
to the body surface is 0.4 mg per kg for the 
newly emerged fly (Mnsca domestica). For 
the older adult the LD^o is about 0.8 mg per 
kg for Musca domestica and 0.6 mg per kg 
for CaUiphora spp. This decrease in sensi- 
tivity as the fly ages is less than that re- 
ported for DDT. 


4. Gamma 666 is about twice as toxic as 
DDT lor the cockroach (Pcriplaneta aimi- 
caiia), and is distinctly more to.xic than DDT 
for Mvsea domestica (newly emerged and 
adult) and CaUiphora spp. (adult). 

5. Both death and knockdown occur more 
rapidly after surface application of •/ 666 to 
Mvsea domestica and Pcriplaneta americam 
than after DDT. 
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Type-specific Capsular Swelling of Meningococci by Chicken Antiserum. 
Kelsey C. Milner and Morris F. Shaffer. 


From the Department of Fathology and Bacteriology, School of Medicine, lulanc Unicers-ity, 

Kew Orleans, in. 


Branham^ has recently emphasized the 
value of serologic typing of meningococci 
for epidemiologic studies as well as for more 
exact etiologic diagnosis. The methods cur- 
rently employed for this purpose include 
(a) capsular swelling with hyperiminune rab- 
bit serum and (b) agglutination with 
monovalent antisera prepared in rabbits or 
chickens. One of the advantages of using 
chickens as a source of agglutinating serum 
is their ability to tolerate doses of meningo- 
cocci which may be toxic or even lethal for 

rabbits.-’® u a 

During the past 18 months we have had 

occasion to prepare such antisera m adult 
chickens. The course of injections was based 
orthe report of Phair, Smith and Root.- 
Doses of 2 to 4 billion living organisms, de- 
rived from casein-hydrolysate starch agar 
cultures’* and suspended in physiological 
saline, were given i**travenously at mtewals 
of approximately one week. After 4 injec ^ 

”^»‘phair J. J., Smith, D. G., and Root, C. M., 


tions the animals were allowed a rest period 
of 7 to 16 days before being bled; in some 
instances this bleeding was followed after 
7 to 9 days by a fifth injection and the 
animals were kept 1 to 4 weeks longer before 
final exsanguination. The serum collected 
from the successive bleedings of each chicken 
was pooled and stored at 2°C. Throughout 
the period of immunization the birds appeared 
healthy and showed no appreciable loss of 
weight. 

In testing for agglutinins, meningococci 
from cultures grown S to 18 hours on casein- 
hydrolysate starch agar were suspended in 
saline to a concentration of 2 to 4 billion 
cocci per ml. Dilutions of antiserum were 
mixed with an equal volume (0.3 ml) of 
culture suspension in small tubes and these 
were agitated vigorously on a Kahn shaking 
machine for 10 to 20 minutes at room tem- 
perature before readings were made Ag- 
glutination was readily visible with the naked 
eye. The titer of the serum was recorded 
as the highest dilution, after addition of 
antigen, in which clumping was marked The 
results summarized in Table I show that fol- 
lowing immunization of chickens with 16- 
to IS-hour cultures or with cultures only 
4 hours old, we obtained satisfactory ag- 
glutinating sera versus strains of meningococci 
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TABLE I. 

Summary of Data on Immumz.ition of Chicken s iritli Meningococci. 

Type-spcoific serologic 
Immunizing antigens properties of antiserum 

Animals employed , , , — , 

, ^ Serologic Age of Capsular Agglutination 


No. 

Breed 

Sex 

tyjic 

Strain 

culture (lir) 

swelling 

titer 

6S 

Bhodo Island Bed 

9 

1 

1027 

16-18 

4" 

120 

1 

Plymoutli Bock 

S 

I 

1027 

4 

-f 

240 . 

7 

Vriiite Bock 

J J 

1 

1027 

4 

4" 

120 

66 

Bhode Island Bed 

9 

II 

963 

16-18 

b 

SO 

49 

It tt It 

y> 

11 a 

1054 

16-lS 

4” 

40 

3 

Buff Orpington 


11 a 

1054 

4 

4* 

160 

S 

Wliite Bock 

>3 

II a 

1054 

4 

4* 

320 


Types I, II and II alpha, as others have 
done.-'®'^ 

Investigation was then made to determine 
whether these agglutinating sera would also 
exhibit the property of capsular swelling as 
is the case tvith rabbit anti-meningococcal 
sera of adequate potency. Suspensions of 
living organisms from 4- or S-hour cultures 
on hlueller-Hinton medium were mixed in 
the usual fashion with a loopful of chicken 
antiserum plus a loopful of methylene blue 
stain. Microscopic observation revealed 
prompt and strikingly clear-cut capsular 
swelling of meningococci Types I and II alpha 
in the presence of their homologous antisera; 
no capsular sw'elling was demonstrable when 
cocci of these serologic tj'^pes were mixed 
with any heterologous antiserum. No capsular 
swelling was seen in the mixtures of Type II 
meningococci with the single homologous 
serum available or with the several antisera 
versus the other 2 types. The above find- 
ings have been checked and found to hold 
true not only for the various sera as freshly 
drawn but also after storage at 2°C for 

SKatat, E. A., Miller, C. P., Kaiser, H., and 
Poster, A. Z., J. f:.rp. Med., 1945, 81, 1. 


periods from 8 to 14 months. The data in 
Table I also indicate that sex or breed does 
not markedly affect the success of immuniza- 
tion providing healthy adult birds, weighing 
5 to 7 pounds, are employed. 

Dtsaissiofi. So far as we are aivare, data 
on the use of chickens for the preparation 
of specific capsular swelling antisera against 
meningococci or other bacterial species have 
not been previously reported. The present 
findings are of interest in demonstrating that 
capsular swelling may be produced wdth anti- 
sera derived from animals other than the 
rabbit and the horse; they also suggest that 
chickens can be used to prepare quellung 
sera for bacteria to which the rabbit or horse 
may' not respond favorably. 

From a practical standpoint, the ease with 
which adult chickens can be successfully im- 
munized for the production of quellung anti- 
serum versus meningococci Types I and II 
alpha should make it feasible for many 
diagnostic laboratories to prepare a supply'. 
Such sera can undoubtedly' be used for rapid 
and direct serologic identification of meningo- 
cocci in the spinal fluid as well as in cultures 
obtained from other sources. 
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The Activity of Anionic Surface Active Compounds in Producing 
Vascular Obliteration. 

L. Reiner. 

From the Xcsearch Deportment, TTatlnec and Tiernan Produets, Inc., BeUevilte, X. J. 

The great variety’ of substances used for mon property' of being destructive to intima 
obliteration of varicose veins have the com- of the vein.’-- Some of the substances are 
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used in a strongly hypertonic concentration 
(glucose, sodium chloride) and dehydrate 
through osmosis; others form a highly alkaline 
solution which is incompatible with cell life 
even for a relatively short period of time 
(sodium carbonate, soap solutions ) ; still 
others contain substances which are poisonous 
to the protoplasma of cells in general (quinine 
hydrochloride, halogens, mercuric chloride). 
Differences in the manner in which the intima 
of the vein is destroyed are suggested by the 
differences in the rate of thrombus formation 
after injection. Mercuric chloride produces 
thrombus in 3 or more days," whereas com- 
plete obliteration takes place within 24 hours 
after the injection of 20% sodium salicylate 
solutions.^ Even more pronounced are the 
effects produced by soap solutions.'^ As this 
may be owing at least in part to the surface 
activity of the fatty acid anions and the 
anionic micelles formed in aqueous solutions 
of soaps, it was of interest to study the ef- 
fectiveness of the synthetic anionic detergents 
in obliterating veins. The results of this 
study are reported in the following. 

Methods. The marginal ear vein of rab- 
bits and the veins of dogs have been used 
frequently to study the thrombogenic_ and 
sclerosing properties of various agents.”''’’* 

In preliminary e.xperiments using the mar- 
ginal ear vein of rabbits it was found that 
it is difficult to regulate the rate of dilution 
of the sclerosing solution with blood, which 
obviously is one of the important factors 
determining the extent of thrombus forma- 
tion Because of the great number of col- 
laterals, dilution of the agent after injection 


lOeteiKM', A., .md Mahonwr, H., rnnco.c reins, 
Tlic C. Y. Jlosby Company, St. Louis, 193fl. 

2 VlcPhcotors, II. 0., and Anderson, J., Injectwn 
Trcaunent of Varicose Veins auO He morel, ouls. 
y A Davis Comp-any, Plnl.adeipl.m, 1943. 
■aKeg.ard, G. L., See. meH. ,le la S,„sse Horn., 

^'7^00 MoisJy^cta chir. Hcamlinar., StoeUohn, 


1926, CO, 435; 1927, 02, 1/. , a vf 

X' T Dodson Y., and Zeilei, A. H., 
sKilbouvno, A. uortson, i^., 
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was rapid and high concentrations of the 
agent had to be used. These destroyed the 
delicate marginal ear vein and its collaterals 
rapidly and completely, permitting free dif- 
fusion of the agent and producing inflam- 
matory reactions and necrosis of the surround- 
ing tissue. Even if thrombus was produced 
without much tissue irritation, it was often 
extended to collaterals and its length could 
not easily be measured. 

Much better results were obtained when 
the tail vein of the mouse was injected. 
Here, again, high concentrations of the agents, 
2% of sodium ricinoleate or the equivalent 
in sclerosing strength of the anionic synthetic 
detergents, caused gangrene within 24 to 48 
hours and the entire tail sloughed off within 
a few dai’S. However, if the injection was 
carried out at a very slow rate, thrombus 
could be produced using loiver concentrations 
of most of the agents without much tissue 
irritation. 

In order to obtain well reproducible aver- 
ages it was necessary to standardize the pro- 
cedure as follows: mice weighing 20 to 25 g 
were fasted for 20 hours before injection. 
They were placed in a holder which permitted 
free handling of the tail. The veins were 
distended by dipping the tail for I minute 
into water which was kept at a temperature of 
4S°C. The solution was injected from a 
0.25 cc Tuberculin Syringe No. LT with 
divisions of 0,01 cc through a 26-gauge needle 
having a short bevel. The needle was in- 
serted at a distance of 50 mm from the base 
of the tail so that the tip of the needle was 
about 45 mm from the base of the tail. 
Five-hundredths cc was injected over a period 
of 10 seconds. Dilution of the solution with 
blood was prevented for 50 seconds by com- 
pressing the vein at the base of the tail and 
at the site of the injection. The length of 
the thrombus was measured with a ruler. 
In the dose range used, thrombus was usually’ 
formed within 24 hours. Delayed thrombus for- 
mation W’as observed occasionally with the low- 
est concentrations used. The optimum time for 
reading giving the maximum average length 
of thrombus was at about 48 to 96 hours, 
although the differences in results obtained 
when the reading was made at any time 
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creased gradually during the latter part of 
the first week and subsequentl}E In the 
low-response range recanalization was fre- 
quent. In the high-response range permanent 
obliteration through organization took place. 
The extent of obliteration after resorption of 
the thrombus was measured in a few instances 
by dipping the tails in warm water, thereby 


between 2 to 7 days were not significant. 
The experimental points in Fig. 1 are aver- 
ages of 2 to 3 readings made within 1 week 
after the injection. Each point represents 
the average length of the thrombus calculated 
from the results obtained with usually 10, 
but not less than 4 mice. 

The a%'erage length of the thrombus de- 
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distending the patent veins, and it was found 
to be approximately proportional to the 
obliteration caused by thrombosis. 

Materials Used. E.xtensive tests using 130 
mice were made with a commercial sodium 
ricinoleate solution, pH 8.3, containing 5% 
of the soap and 2% ol benzyl alcohol in 
water. Dilutions of 0.1 S to 2.0% made with 
sterile distilled water were used. 

The sodium morrhuate tested was also a 
commercial preparation containing 5% of the 
soap and 2% of benzyl alcohol in water. 
The solution was slightly turbid and had a 
pH of 10.1. Dilutions containing 2.0, 1.0, 
0.5 and 0.25% of the soap were made with 
sterile distilled water. Ten mice were injected 
with each of these dilutions. 

Sodium tetradecyl sulfate (sodium 2- 
methyl-7-ethyl-undecyl sulfate-4) was pre- 
pared by purification of the commercial prod- 
uct. It was a colorless, transparent, waxy 
solid which contained 90% of the detergent; 
the remaining 10% consisted of phosphate 
buffer and water. Water-clear solutions of 
pH 7.5 were made with water or 0.85% 
aqueous sodium chloride solution. They were 
sterilized by autoclaving for 20 minutes at 
15 lb pressure. This procedure did not cause 
appreciable hydrolysis of the ester as the 
solutions remained water clear and their pH 
value remained the same or decreased only 
slightly. One hundred and seventy mice were 
used and the concentration of the solutions 
injected varied from 0.125 to 2%. 

For testing the effectiveness of sodium 
dodecyl and sodium n-tetradecyl sulfate 0.5% 
and 0.3% solutions of Duponol were used. 
The pH of the solutio^ was ani- 

mals were injected with each of the 2 solu- 

‘'T„ur ot .te aerosol 
the di- 2 -ethylhexyl (aerosol OT) (I), dm 
Styl (II), diethylpropyl (III), and di-n-amyl 
(IV sodium sulfosucdnates were obtained m 

Sis.,. .loos i« rcoS 

by fed were L- 

with each Of 
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0.125, 0.25, 0.50 and 1.0% of I; 0.25, 0.50, 
1.0 and 2.0% of II; and 1.0 and 2.0% of III 
and IV. 

Results. In Fig. 1 the average length of 
thrombus is plotted against the logarithm of 
the concentration. It seems that a correla- 
tion exists between the concentration and the 
response, i.c., the average length of the 
thrombus. With sodium tetradecyl sulfate 
and the soap solutions, the response was pro- 
portional to the logarithm of the concentra- 
tion, i.c., dose, up to a response of about 40 
mm. The maximal individual response was 
about 45 mm as this was the length of the 
vein exposed to the drug. The slope of the 
rectilinear portion of the dose response curve 
was about the same for these substances. 
From the estimated position of the lines, the 
ratio of potencies, that is, the reciprocal of 
the ratio of the doses producing equal re- 
sponses, was estimated to be 1.5 for sodium 
tetradecyl sulfate over sodium ricinoleate. 
The preparation of sodium morrhuate used in 
this study seemed to be considerably weaker 
in thrombogenic activity than either sodium 
tetradecyl sulfate or sodium ricinoleate. 

The slope of the straight portion of the 
curve obtained with the 2 isomeric aerosols, 
I and 11, appears to be smaller than the 
slopes obtained with the soap solutions or 
sodium tetradecyl sulfate solution, although 
the difference may not be significant. The 
branched isomer, I, was found to be a much 
stronger thrombogenic agent than the normal 
chain isomer, II. In low concentrations I 
was more active than sodium tetradecyl 
sulfate. The dipentyl sodium sulfosuccinates, 
III and IV, were much less active than the 
dioctyl compounds. Here the branched chain 
compound, IV, showed no activity in the con- 
centration used, whereas the normal chain 
compound, III, showed a slight activity. The 
mixture of the normal chain sodium dodecyl 
and tetradecyl sulfate was much less active 
than the branched chain sodium tetradecyl 
sulfate. 

Toxicity to Tissues. This was tested by 
injecting aqueous solutions of the compounds 
in concentrations given in Tables I and II 
in doses of 0.1 cc subcutaneously and in doses 
of 0.05 cc intradermally into rabbits. The 
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I. 


jReaetious Produced by the Subcutaneous Injection of Soap Solutions and Sodium Tetradecj-I 
Sulfate. (Figures: diameters in mm; dose: 0.1 ce; reading: 48 hours after injection). 


Concentration, % 


Edema 


Erythema 

Sor 

STS 

Morrli 

Sor 

STS 

^orrli 

5 

15 

0 

8 

15 

0 

8 

2.5 

0 

0 

11 

0 

0 

11 

1.25 

0 

0 

8 

0 

0 

S 

0.625 

0 

0 

0 

0 

0 

0 


Sor: Sodium ricinoleate. 

STS : Sodium tetradeeyl sulfate, 
llorrh: Sodium morrliuate. 


TABLE II. 


Eeactions Produced by the Intradermal Injection of Soap Solutions and Sodium Tetradecyl Sulfate. 
(Kgures: diameters in mm; dose: 0.05 ce; reading: 48 hours after injection). 


Concen- 

tration 

% 


Necrosis 


Hemorrhage 


Edema 


Erythema 

Sor 

STS 

5 

5Iorrh 

Sor 

STS 

Horrli 

Sor 

STS 

Morrh 

Sor 

STS 

5Iorrh 

5 

11 

5 

8 

6 

3 

7 

13 

6 

10 

13 

6 

15 

2.5 

10 

7 

6 

0 

2 

0 

14 

12 

13 

14 

12 

14 

1.25 

9 

3 

6 

0 

0 

0 

11 

3 

12 

12 

8 

12 

0.625 

6 

0 

6 

0 

0 

0 

9 

6 

6 

9 

6 

11 

0.313 

4 

0 

6 

0 

0 

0 

6 

0 

6 

6 

0 

11 


Sor: Sodium ricinoleate. 

STS: Sodium tetradecyl sulfate. 
Morrh: Sodium morrhuato. 


Tesults in Table I show that sodium tetradecyl 
sulfate produced no appreciable irritation up- 
on subcutaneous injection and that it was 
definitely less . irritating than the soap solu- 
tions. The intradermal injections did not 
show significant differences among these com- 
pounds although the edema and erythema 
produced by sodium tetradecyl sulfate ap- 
peared to be less than that produced by soaps. 

Acjtte Toxicity. Purified sodium tetradecyl 
sulfate (Tergitol-4) was found by Smyth 
•ct al.,^ to have a to.xicity of LDdo = 2 gm/kg 
■when tested on rats by feeding a 25^ aqueous 
solution by stomach tube. In testing the 
toxicity of Aerosol OT in mice Lorenz et al.^ 
found that 1 mg but not 2.5 mg is tolerated 
■when given intraperitoneally and that 1.25 
Rig was lethal to 1 out of 25 mice weighing 
25-30 g. The oral LDso of Aerosol OT in 
mice has been reported to be 1.5 gAg-^” 

® Smytli, H. F., Seaton, J., and Fischer, L., 
-1- Indust. Hygiene and Toxicol., 1941, 23, 478. 

Lorenz, E., Shimkin, JI. B., and Stewart, H. 

J. Xational Cancer Institute, 1940, 1, 353. 

lOBenaglia, A. E., Robinson, E. J., Utley, E., 
-md Cleverdon, 51. A., J. Indust. Hygiene and 
HoTicol, 1943, 25, 175. 


The intravenous route of administration 
was chosen for acute toxicity determinations 
as this is used for therapy wdth these sub- 
stances. The mice were fasted for 24 hours 
and injections of 0.1 cc of various dilutions 
were given over a period of 20 seconds. Most 
deaths occurred within 24 hours and no change 
of survival rate was found after 1 week. 
LDso was estimated graphically to be 
90 zh 5 mgAg for sodium tetradecyl sulfate 
using 47 mice, 100 ± 30 mgAg for Aerosol 
OT using 15 mice, 100 ± 3 mgAg for sodium 
ricinoleate using 24 mice, and 150 ±45 
mgAg for sodium morrhuate using 35 mice. 
Thus only slight differences were found in 
the toxicity of these substances. The value 
obtained for Aerosol OT is in fair agreement 
with the results of Lorenz et al.,° (LD50 > 40 
and <100 mgAg), in view of the fact that 
the rate of injection which was not specified 
by these authors might have been greater 
than that used in these experiments. 

Chronic Toxicity. Smyth et al.^ reported 
that sodium tetradecyl sulfate did not pro- 


11 Miller, L. D., and Tainter, 51. L., Pkoc. Soc. 
Exp. Biol, axd 5Ied.. 1944, 57, 2G1. 
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distending the patent veins, and it was found 
to be approximately proportional to the 
obliteration caused by thrombosis. 

Materials Used. Extensive tests using 130 
mice were made with a commercial sodium 
ricinoleate solution, pH 8.3, containing 5% 
of the soap and 2% of benzyl alcohol in 
water. Dilutions of 0.15 to 2.0% made ivith 
sterile distilled water were used. 

The sodium morrhuate tested was also a 
commercial preparation containing 5% of the 
soap and 2% of benzyl alcohol in water. 
The solution was slightly turbid and had a 
pH of 10.1. Dilutions containing 2.0, 1.0, 
0.5 and 0.25% of the soap were made with 
sterile distilled water. Ten mice were injected 
with each of these dilutions. 

Sodium tetradecyl sulfate (sodium 2- 
methyl-7-ethyl-undecyl sulfate-4) was pre- 
pared by purification of the commercial prod- 
uct. It was a colorless, transparent, waxy 
solid which contained 90% of the detergent; 
the remaining 10% consisted of phosphate 
buffer and water. Water-clear solutions of 
pH 7.5 were made with water or 0.85% 
aqueous sodium chloride solution. They were 
sterilized by autoclaving for 20 minutes at 
15 lb pressure. This procedure did not cause 
appreciable hydrolysis of the ester as the 
solutions remained water clear and their pH 
value remained the same or decreased only 
slightly. One hundred and seventy mice were 
used and the concentration of the solutions 
injected varied from 0.125 to 2%. 

For testing the effectiveness of si^mm 
dodecyl and sodium n-tetradecyl sulfate 0.5% 
and 0 3% solutions of Dupono were used. 
The oH of the solutions was 7.1. ten am 
Sis we« with each of .ho f a.lo- 

“T..r of .ho aerosol W' of^J 
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0,125, 0.25, 0.50 and 1.0% of I; 0.25, 0.50, 
1.0 and 2.0% of 11; and 1.0 and 2,0^ of III 
and IV. 

Results. In Fig. 1 the average length of 
thrombus is plotted against the logarithm of 
the concentration. It seems that a correla- 
tion exists between the concentration and the 
response, i.e., the average length of the 
thrombus. With sodium tetradecyl sulfate 
and the soap solutions, the response was pro- 
portional to the logarithm of the concentra- 
tion, i.e., dose, up to a response of about 40 
mm. The maximal individual response was 
about 45 mm as this was the length of the 
vein exposed to the drug. The slope of the 
rectilinear portion of the dose response cun’e 
was about the same for these substances. 
From the estimated position of the lines, the 
ratio of potencies, that is, the reciprocal of 
the ratio of the doses producing equal re- 
sponses, was estimated to be 1.5 for sodium 
tetradecjd sulfate over sodium ricinoleate. 
The preparation of sodium morrhuate used in 
this study seemed to be considerably weaker 
in thrombogenic activity than either sodium 
tetradecyl sulfate or sodium ricinoleate. 

The slope of the straight portion of the 
curve obtained with the 2 isomeric aerosols, 
I and II, appears to be smaller than the 
slopes obtained with the soap solutions or 
sodium tetradecjd sulfate solution, although 
the difference may not be significant. The 
branched isomer, I, was found to be a much 
stronger thrombogenic agent than the normal 
chain isomer, II. In low concentrations I 
was more active than sodium tetradecyl 
sulfate. The dipentyl sodium sulfosuccinates, 
III and IV, were much less active than the 
dioctjd compounds. Here the branched chain 
compound, IV, showed no activity in the con- 
centration used, whereas the normal chain 
compound, III, showed a slight activity. The 
mbrture of the normal chain sodium dodecyl 
and tetradecyl sulfate was much less active 
than the branched chain sodium tetradecyl 
sulfate. 

Toxicity to Tissues. This was tested by 
injecting aqueous solutions of the compounds 
in concentrations given in Tables I and II 
in doses of 0.1 cc subcutaneously and in doses 
of 0.05 cc intradermally into rabbits. The 
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mal movements of men in training and have 
also established themselves among Army Air 
Force personnel."* Strains of only 3 Lance- 
field Upes, in order of degree of sulfonamide 
resistance, 17, 19 and 3, have been isolated 
under the circumstances just described .”•"* 
Similar properties have been discovered in a 
few strains of other types, including 6 and 14. 

The development of epidemics of respiratory 
infection caused bN' sulfonamide resistant 
hemolytic streptococci has been e.vplained by 
2 quite different hj'potheses. One suggests 
that the etiological agents possessed a nat- 
ural ability to multiply in the presence of 
sulfonamides and -were therefore able to initi- 
ate outbreaks of disease in a host population 
in which sulfonamide prophylaxis had been 
established. Alternatively, it is proposed that 
mutants of previousl}' sensitive strains ap- 
peared during rapid epidemic transmission 
which were resistant to the effect of sulfona- 
mides. Such mutations were enabled to sur- 
vive and spread because their new property 
was advantageous in the chemically altered 
host environment. 

It seemed possible that a study of the 
sulfonamide resistance of a large number of 
strains of hemolytic streptococci collected 
during a study' carried out between December 
12, 1943 and April 20, 1944 in 2 army posts 
might give information as to which of the 
above concepts is correct. There was little 
possibility that sulfonamide resistant strep- 
tococci could have developed in naval 
activities and been transferred in so short 
a time to these particular army' installations, 
since both were situated in an area remote 
from any naval training station. The nature 
and personnel of Post I has been described 
elsewhere.-' Post II was an Army Air Base 
located about 10 miles from Post I. Con- 
tact between the 2 was possible through the 
intermingling of troops in a neighboring com- 
munity. 

Methods. Hemolytic streptococci were 

I :i. Mifcliell, R. C., Van R.avensw.-iay, A. I., 
!S|K‘i-i:il Report, Office of tlie Air .Surgeon, Oct. 8. 
Ja-t.I; 1). Connor, A. R., .Special Re|)ort, Ofliee of 
tile Air .Surgeon, Oct. 8, 1945. 

■' Rantz, Ij. .\., Rantz, H. H., Boisvert, R. J., 
anil Spink, "W. V., Arch. Int. in press. 
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isolated from the upper air passages of 
infected men by technics described else- 
where.** The organisms were divided into 
groups and types by the precipitin technics 
of Lancefield. Sulfonamide sensitivity' was 
determined by the method of Wilson;' pen- 
icillin sensitivity by' streaking the strepto- 
cocci on segments of blood agar plates con- 
taining appropriate amounts of the drug. 

Results. Suljonamide Sensitivity. The 
Group A hemolytic streptococci available for 
study consisted of 77 single, and 271 paired 
cultures of the same type, isolated from the 
upper air passages of 348 infected men at 
Post I. Each pair was recovered from the 
same individual, separate isolations having 
been made in the various cases at intervals 
from 1 to 25 day's. In addition, 41 strains 
obtained from as many cases at Post II were 
tested. 

Identical values for sulfonamide sensitivity’ 
were obtained with 225, and one-tube differ- 
ences with 46, pairs. There were two-tube 
differences in 4 and these pairs were excluded. 
There was found no relationship between the 
time of isolation of the culture or the thera- 
peutic administration of a sulfonamide and 
the variations between members of the pairs. 
It seems proper to assume that each pair of 
cultures represents the same organism recov- 
ered on 2 different occasions. The results 
indicate that the method for determination 
of sulfonamide sensitivity is quite precise and 
that relatively small differences in resistance 
may' be satisfactorily' compared. 

The results of the determination of sulfon- 
amide sensitivity of the single strains and of 
the nonidentical pairs (considering each mem- 
ber of the pair as a single strain) are pre- 
sented in the first 4 columns of Table I. The 
values obtained for the 225 identical pairs 
are recorded in the 5th to 8th columns. The 
whole is summarized in columns 9 to 13. 

No strain grew in the presence of more than 
5 mg of sulfadiazine. Those of 5 types, 19, 24, 
26, 30, and 36, as well as those included with 
the miscellaneous ty'pes, occasionally' were 

« R.anlz, Ij. A., Boisvert, P. .1., Spink, "W. 
"W., Arch. hit. ilcih, in press. 

7 Wilson, A. T., Proc. Soc. Exp. Biol, and Mkd.. 
1!)4.>, 58, ISO. 
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duce appreciable toxicity when approxiniatel 3 '^ 
ISO mgAg were taken daily in the drinking 
water by rats for 30 days. Benaglia ef 
gave doses varying from 0.19 to 0.87 g/kg 
to rats with the food and doses between 0.1 
and 0.5 gAg to rabbits, monkeys, and dogs 
for 24 hours without finding appreciable 
toxicity, although some inhibitorj'^ effect on 
the growth rate was discernible. 

Repeated intravenous injection with these 
solutions could not be carried out. Among 
the practicable routes in mice, intraperitoneal 
injection most closely approximates the in- 
travenous route. Hence, 0.1 mg sodium tet- 
radecy! sulfate in 0.1 cc was injected into 19 
mice first intravenously, then 12 times intra- 
peritoneallj" in the course of 3 weeks. Four 
mice died of peritonitis or intercurrent in- 
fection during the first week. The average 
weight of the remaining mice increased from 
25.9 g to 31.3 g. Five of the surviving mice 
showed localized infections (abscess in the 
spleen, localized peritonitis, and adhesions). 
These were obviously due to perforation at 


the time of injection. Sections made of the 
lungs, liver, kidney, spleen, brain, intestine, 
stomach, testis, and heart of the remainin’ 
10 mice showed no pathology attributable to 
the drug.l 

Summary. The thrombogenic activity oi 
some soaps and synthetic detergents was com- 
pared by injecting their solutions under 
standardized conditions into the tail vein ol 
mice. Sodium tetradecyl sulfate (2-methyl- 
7-ethyl-undec3d sulfate-4) and .\erosol OT 
(di-2-ethyIhexyI sodium sulfosuccinale) were 
found to be more potent agents than the soap 
solutions generally used to sclerose veins. 
Alkyl sulfates and sulfonates containing large 
branched chain hy^drophobic residues were 
found to produce thrombus more readily than 
their straight chain isomers. Sodium fetra- 
decyd sulfate produced less tissue reaction 
than sodium ricinoleate or sodium morrhuate. 
Its toxicity was not significantly greater than 
that of the soap solutions studied. ^ 

t Th.niiks lire due Dr. I. B. Gerber, jwittioltigist, 
for tlie j>rep!U'.ntion ;iiid e.vnmiiiatiou of the sliiie-'. 
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It has frequently been possible to establish 
satisfactory prophylaxis against Group A 
hemolytic streptococcus respiratory infection 
and its complications by the daily administra- 
tion of a sulfonamide.^ Such a technic, es^ 


.> This study W.ns c-n ried out under tbc auspices 
o£ tbe Commission on Hemolytic Streptococcal 
Infections, Board for the Investigation and Con- 
trol of Influenca and Other Bpidemlc Diseases 
in the Armv, Preventive Jledicinc Service, Office 
of t ie Surgeon Gener.nl, Hnited States Am.v. 

I H ^Department of Labor, Children -s Bureau 
PubLafion No. 308, Washington, 194o, 64-8< 
iJ^JWd 284, .Buro.a« of Medicine .and Sur- 
gery, Navy Department, Washington, D. C.. 1. - 


tablished by the U. S. Navy’ in man}’ activilte 
early in December, 1943, was uniformly 
satisfactory- until mid-summer of 1944. .1* 
that time strains of hemolytic streptococci 
that were resistant to the antibacterial action 
of these agents appeared-’® as the cause of 
disease among personnel in a station in the 
northwest and initiated an epidemic in spite 
of the widespread use of chemoprophylaxis. 
Later these organisms were transmitted wide- 
ly to other Navy activities through the nor- 

3 ji. Epidemiology Unit Xo. 22, J. A. M. J-f 
1945, isn, 921; b. Daniroseh, D. S., J, A. M. -4" 
194G, 130, 1J4; c. Eekles, E. E., personnl cuni- 
inunicatioii, Sept. 28, 3945. 
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must, therefore, be regarded as having been 
naturalh* resistant to the action of these 
chemicals. 

Strains of 2 of these tj’pes, 3 and 17, later 
became established as the etiological agents 
of epidemic hemolytic streptococcal respira- 
ton' infection in mnitaiy^ establishments in 
vrhich sulfadiazine was being administered 
prophylactically. t^Tien studied under these 
circumstances the degree of resistance of 
strains of tj'pe 3 was approximately that dis- 
covered in this study but that of strains of 
tjpe 17 was much greater.®-^ 

It is probable, therefore, that both of the 
hj-potheses previously mentioned, explaining 
the appearance of epidemic, sulfonamide 
resistant, hemolytic streptococci, are correct. 
Certain strains of Group A hemolytic strepto- 
cocci were present in the national military 
population at the time that mass chemo- 
prophylaxis was instituted that possessed two 
advantageous biological properties; moderate 
sulfonamide resistance and a high degree of 
communicability. These characteristics per- 
mitted these strains to spread and cause 
disease after their introduction into a host 
population undergoing sulfonamide pro- 
phjdaxis. In some instances (type 17) muta- 


tion occurred and much more sulfonamide 
resistant variants appeared; mothers (type 3) 
the resistance of the strain did not become 
greatly enhanced. 

This study^ has not revealed a precursor for 
the resistant strains of type 19 that also 
caused epidemics. It is quite possible, how- 
ever, that naturally resistant variants of this 
type were present in other areas. 

The failure of other moderately resistant 
strains discovered during this stud}" to estab- 
lish epidemics may have been due to a lack 
of certain properties which permit a high 
degree of communicability or to the fact that 
they" were never introduced into a group in 
which sulfonamide prophylaxis was in use. 

No significantly penicillin-resistant strains 
of hemolytic streptococci were discovered 
during this study. 

Summary. Strains of certain ty^pes of Group 
A hemolytic streptococci were discovered to 
be naturally resistant to moderate amounts 
of sulfadiazine. It is suggested that such 
organisms originated the epidemics of strep- 
tococcal disease among troops receiving sulfon- 
amide prophylaxis, later becoming more re- 
sistant by mutation. No strains significantly 
resistant to penicillin were discovered. 
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Effect of Atropine, Testosterone and Pitressin on Experimental Myocardial 

Infarction.* 

S. S. hliNTZ AND B. KoNDO.t (Introduced by L. N. Katz). 

From the Cardiovascular Department, Eesearch Institute, Michael Ecese Hospital, Chicago. 


Recently" Mokotoff and Katz’- have made 
use of an experimental approach to determine 
the effect of drugs upon infarct size following 
coronary ligation. It was shown by this 
jneans that papaverine had a definite effect 
in reducing infarct size, while aminophyllin 

* -Aided Tjy the A. D. Nast Fund for Cardio- 
vascular Besearch. The department is supported 
Jn part by the Michael Keese Besearch Foundation, 
t Herbert G. Mayer Fello-w. 
iMohotofE, B., and Katz, L. N., Am. Heart J., 
1945, 30, 215. 


parenterally had a smaller, but definite effect. 
It was felt that other drugs might profitably 
be evaluated by this method. In the present 
report data obtained with atropine, testoste- 
rone, and pitressin are presented. 

Atropine was chosen since it has been 
claimed recently to have a clim'calK" beneficial 
effect in myocardial infarction.- This bene- 
ficial effect was attributed to an abolition of 
supposed vagus coronary" constrictor tone. 

2 Leroy, G. T., Fenn, G. K., and Gilbert, N. C., 
Am. Heart J., 1942, 28, 637. 
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Sulfonamide, Penicillin Resistance Group A Hem. Strep. 
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resistant to the action of 1 mg per 100 ml of 
sulfadiazine but all but 5 strains failed to 
multiply in S mg per 100 ml of the drug. 
Strains of tj^pes 1, 3, 44, and 46 were often 
resistant to the action of 1 mg per 100 ml 
and, frequently, to that of 5 mg per 100 ml of 
sulfadiazine. Type 6 is represented by ver}' 
few examples but nearly all were slightly 
sulfonamide resistant. The strains of tj'pe 17 
were the least sensitive in that all but one 
grew in the presence of 1 mg per 100 ml 
and 27 of 36 in the presence of 3 mg of 
sulfadiazine per 100 ml. 

Five strains of type 3 w'ere collected at 
Post II; 4 grew in the control tube only, one 
in the 5 mg tube. Seventeen strains of tj'pe 
19 W'ere studied, only one of which grew in 
the 1 mg tube and none in the higher levels 
of sulfonamide. Seventeen of 19 strains of 
type 17 grew in the 1 mg and 4 in the S rag 
tubes. 

The month of isolation of the resistant 
strains of types 3 and 1 7 W’as determined. All 
strains of tj'pe 3, able to grow in the presence 
of 5 mg of sulfadiazine, were isolated after 
March 1, 1944, since this tj'pe did not appear 
as a cause of disease in the post before this 
date. The results w'ith type 17 were different 
in that 2 resistant strains w'ere recovered in 
January and 6 in February of 1944. 

Penicillin Sensitivity. The ability of all of 
the above listed strains to groiv in the presence 
of penicillin was studied. Regarding them as 
individual strains, S4 were resistant to the 
action of 0.02, and 7 to that of O.OS units per 
ml. All were inhibited by 0.1 unit per ml. If 
the paired strains only are considered, it is 
discovered that in only S of the 271 instances 
were both members of the pair able to grow in 
the presence of as much as 0.02 units of 
penicillin per ml. No relationship between 
the serological types of these slightly peni- 
cillin resistant strains w'as discovered. 

Comment. This study has demonstrated 
that certain types of Group A hemolytic 
streptococci were significantly' more resistant 
to the antibacterial action of sulfonamides 
than were others collected during the same 
period. It is unlikely' that these strains had 
been transmitted through a host population 
undergoing sulfonamide prophjdaxis. They 
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must, therefore, be regarded as having been 
naturally resistant to the action of these 
chemicals. 

Strains of 2 of these types, 3 and 17, later 
became established as the etiological agents 
of epidemic hemolj'tic streptococcal respira- 
torj- infection in militarj’^ establishments in 
which sulfadiazine was being administered 
prophylactically. When studied under these 
circumstances the degree of resistance of 
strains of type 3 was approximately that dis- 
covered in this study but that of strains of 
type 17 was much greater 

It is probable, therefore, that both of the 
hj-potheses previoush’ mentioned, e.xplaining 
the appearance of epidemic, sulfonamide 
resistant, hemolytic streptococci, are correct. 
Certain strains of Group A hemolytic strepto- 
cocci were present in the national militarj' 
population at the time that mass chemo- 
prophida.xis was instituted that possessed two 
advantageous biological properties: moderate 
sulfonamide resistance and a high degree of 
communicability. These characteristics per- 
mitted these strains to spread and cause 
disease after their introduction into a host 
population undergoing sulfonamide pro- 
phylaxis. In some instances (tjpe 17) muta- 


tion occurred and much more sulfonamide 
resistant variants appeared; mothers (type 3) 
the resistance of the strain did not become 
greatly enhanced. 

This study has not revealed a precursor for 
the resistant strains of t3pe 19 that also 
caused epidemics. It is quite possible, how- 
ever, that naturalW resistant variants of this 
tj'pe were present in other areas. 

The failure of other moderately resistant 
strains discovered during this studj^ to estab- 
lish epidemics may have been due to a lack 
of certain properties which permit a high 
degree of communicabiliW or to the fact that 
they- were never introduced into a group in 
which sulfonamide prophylaxis was in use. 

No significantly penicillin-resistant strains 
of hemolytic streptococci were discovered 
during this study^ 

Summary. Strains of certain tyqies of Group 
A hemoly'tic streptococci were discovered to 
be naturally resistant to moderate amounts 
of sulfadiazine. It is suggested that such 
organisms originated the epidemics of strep- 
tococcal disease among troops receiving sulfon- 
amide prophylaxis, later becoming more re- 
sistant by mutation. No strains significantly 
resistant to penicillin were discovered. 
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Effect of Atropine, Testosterone and Pitressin on Experimental Mj'ocardial 

Infarction.* 

S. S. Mintz and B. KoNDo.t (Introduced by L. N. Katz). 

From the Cardiovascular Department, Sescarch Institute, Michael Deese Hospital, Chicago. 


Recently IMokotoff and Katz^ have made 
use of an experimental approach to determine 
the effect of drugs upon infarct size following 
coronary ligation. It was shown by this 
means that papaverine had a definite effect 
m reducing infarct size, while aminophyllin 

* Aided by the A. D. Nast Fund for Cardio- 
vascular Research. The department is supported 
in part by the Michael Reese Research Foundation, 
i Herbert G. Mayer Fellow. 
iMokotoff, R., and Katz, L. N., Am. Heart J., 
1945, SO, 215. 


parenterally'^ had a smaller, but definite effect. 
It was felt that other drugs might profitably 
be evaluated by this method. In the present 
report data obtained with atropine, testoste- 
rone, and pitressin are presented. 

Atropine was chosen since it has been 
claimed recently to have a clinically beneficial 
effect in my'ocardial infarction.- This bene- 
ficial effect was attributed to an abolition of 
supposed vagus coronary^ constrictor tone. 

2I,eroy, G. V., Fenn, G. K., and Gilbert, N. C., 
Am. Heart J., 1942, 23, GSr. 
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Previous work from this department/’’ how- 
ever, has shown that the vagi actually are 
tonic coronary dilators. Testosterone was 
chosen because clinical benefit had been 
claimed from its use.'’-’’ Pitressin was used 
because it had been shown to be a powerful 
coronary vasoconstrictor® and might there- 
fore be expected to act detrimentally on the 
course of infarct healing. 

The procedure was essentially similar to 
that described previously.^ In all, 47 dogs 
were used between controls (11), atropine- 
treated (13), testosterone- treated (11), and 
pitressin-treated (12) series. Using nembutal 
anesthesia (25 mg/kilo), the left anterior 
descending coronary artery and accompanying 
vein were tied completely in each dog. The 
animals were permitted to survive 6 weeks 
before being sacrificed for necropsy examina- 
tion. 


. Atropine sulfatet was given subcutaneously 
in doses of 1.3 mg daily for 2 and 6 days per 
.week for the remaining 4 weeks in all but 2 
dogs. In these 2 dogs 0.65 mg of atropine 
-was given twice daily for the entire 6-week 
period. Testosterone propionate!' was given 
subcutaneously in doses of 25 mg three times 
weekly for the 6-week period. Pitressin? was 
<riven subcutaneously in doses of 20 pressor 
units daily for 2 weeks and 6 times weekly 
for the remaining 4 weeks. 

At necropsy all hearts were opened, the 
ligation of the coronary artery was checked 
aL the endocardial aspect of the infarct was 
traced on a glass plate. The area was deter- 
mined bv planimeter (cf. ^). The coronary 
Arteries were then injected and X-ray photo- 
graphs were made in most instances as d^ 


3 KiltZ, h. X 
1939, 120, 395. 

4 Lesser, JI- 


.Toeliini, K., Am. J. PKymol., 
A., -Ycie .1. 2“"' 


T. V. w T J 

a:— , 

arfiSebte^o t.’.e Abbott Labor-Morics 
for the atropine. a„d Co. for tbe 

testosterone and to 1 arKO 
pitressin. 


TABLE I. 

Effect of Drugs on Infarct Size Calculated as 
IQi X area of infarct (in cm-') 


licart weiglit (in g) . 


Control 

Atropine Testosterone Pitre.'sin 

639 

447 

1004 

1140 

409 

1118 

7ii3 

619 

933 

1026 

683 

872 

598 

980 

18)5 

1006 

992 

1168 

1075 

762 

577 

804 

.592 

' 

1123 

809 

291 

1 S65 

1356 

815 

1099 

742 

681 

994 

101 

613 

1009 

741 

1555 

.596 

1049 

612 

102 

• 506 


817 


390 . 


690 



Aritlinietic 




menu S44 

Sol 

820 

734 

Stand.ord 




deviation 275 

186 

.528 

212 ' 


.scribed previously.^ 

The data are summarized in Table I. It 
will be seen that no alteration in infarct size 
was produced by the 3 drugs used. The 
differences in values in each of the series and 
in their averages are statistically insignificant. 
It can therefore be concluded that within the 
experimental error of our method, atropine, 
testosterone, and pitressin in the manner ad- 
ministered had no demonstrable effect on the 
healing of experimentally produced myo- 
cardial infarcts. 

The reported beneficial clinical effect of 
atropine and of testosterone therefore appar- 
ently operates in some way other than by 
coronary vasodilation. The failure of pitres- 
sin to increase infarct size outside the error of 
the method, suggests the possibility that its 
pressor effect in these dogs neutralized the 
coronary vasoconstriction. 

It must be borne in mind that this e.xperi- 
mental method is relatively crude and that 
finer differences may be concealed by ines- 
capable variations in technic. 

Summary. .Atropine, testosterone, and 
pitressin failed to affect infarct size over a 
period of 6 weeks following e.vperimental liga- 
tion of the left descending coronary artery. 

\Ve nvc iiulobtod to othor inoniburs of the 
department for thrir assistnine .-md to Dr. L. X. 
K-itz for siipgosting tlm problem. 
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The Flow of Blood Supplying the Cardiac Atria. 

John R. Smith and Ira C. Layton. 

I'rov! Ilic ncparlmciil of Jtiiernal Mcilicinc and the Oscar Johnson Institute for Medical 
llcscarch, IVaxhinnlon University School of Medicine, St, Louis, Jlo. 


Experimental evidence suggests that dis- 
turbance of the blood supply of the cardiac 
atria may lead to auricular fibrillation,^" or 
to other auricular arrhythmias.""^ Aside from 
anatomical studies, little attention has been 
directed to the flow of blood to the atrial 
structures and to factors which may impair 
that blood supply. These experiments were 
undertaken in order to study the inflow of 
blood into one of the atrial arteries, and to 
note the effect of increased intraatrial ten- 
sion upon the inflow. 

Method. Dogs weighing about 15 kg were 
anesthetized with veterinary nembutal. In 
each experiment a Starling heart-lung prepara- 
tion was set up. The use of the heart-lung 
preparation permitted closer observation and 
control of many features of cardiac per- 
formance. The largest, and most accessible 
atrial artery to perfuse was the left anterior 
aiiriadar artery/' easily identified as a branch 
of the circumflex coronary artery at the base 
of the left auricular appendage. This artery 
was dissected free; the left circumflex artery 
was also dissected from its origin for a dis- 
tance of about 2 cm. A flexible rubber tube, 
with small glass cannula, was led from the 
aortic cannula and was inserted into the left 
circumflex about 2 cm from its origin so as 
to perfuse the vessel distally. Such perfusion 
of the circumflex served to maintain myo- 
cardial function. The circumflex was ligated 
at its origin, and a second tube (of metal) 
was led from the aortic cannula, through 
the flow-meter, and attached to the proximal 

•Eesiiik, W. 11., .r, Clin. Invest., 1!125, 2, 125. 

.1. 1?., and Wilson, K. S., Am. Heart J., 
27, 170. 

"• t'usliinj;, E. H., Pcil, II. S., Stanton, E. .1., .and 
^'■artnian, W. B.. Srit. Heart J., 1942, 4, 17. 

^ ilo Boer, S., Hrychn. d. Physiol., 1923, 21, 1. 

"Mock. IV. .1.. Keenan, M., and Tlieisen, H. .1., 
•tm. Heart J., 1928-29, 4, 591. 


segment of the circumflex vessel (as shown 
in Fig. 1). Arteries arising from this seg- 
ment, other than the auricular, were securely 
ligated. 

Inflow of blood into the auricular artery 
was measured, phasically and quantitatively, 
by the differential pressure orifice-meter de- 
vised by Gregg and Green." Calibration of 
the instrument and interpretation of the flow 
curves have been described by them, and 
these were carefully followed in the experi- 
ments. The flow curves were synchronized 
with the cardiac cycle by simultaneous re- 
cording either with an electrocardiograph, or 
with aortic pressure curves using a B'’iggers 
manometer, on the same bromide paper. 

Tension within the left auricle was measured 
by a simple manometer connected into one 
of the pulmonary veins close to the auricular 
wall. Estimates of cardiac output ivere made 
by collecting outflowing blood in a graduate 
or siphon-recorder. Twelve experiments were 
performed on 1 2 heart-lung preparations show- 
ing good function. 

Rcstilts. For observing auricular arterial 
inflow under normal conditions, the output 
of the heart-lung was about 600 cc per minute 
(commensurate with the capacity of the 
heart). The blood pressure was adjusted to 
100 mm Hg. Tension within the left atrium 
varied from 3-6 cm of water in different 
hearts. The venous reservoir was 12 cm 
above the right auricle. 

The normal pattern of inflow into the 
auricular artery is shown in Fig. 2. The 
curve indicates that forward flows occur dur- 
ing ventricular systole and diastole. Abrupt 
interruptions of the stream occur at the onset 
of ventricular systole; early in ventricular 
diastole, there is momentar}' cessation of in- 
flow followed by a short period of backflow. 

'■•Gregg, D. E., and Green, 11. 1)., Jiii. J. Physiol., 
1940, 130. 144. 


60 


Auricular Blood Supply 



Fio. 1. 

Diagram of t!ic arrangement of canmilm for tlio 
perfusion of tiio left anterior auricular artery. 
Tiie left circumfle.x coronary artery is perfused 
distally (A) to maintain myocardial function. A 
second system, including tlio Hoivmcter, is used to 
perfuse a proximal segment of tlio loft circumflex 
(B) of wliicli tlie auricular artery is a branch. 


The peak of rapid inflow in ventricular 
systole is slightly out of phase with the peak 
of aortic blood pressure owing, possibly, to 
delay in the stream flowing through the ar- 
tificial circuit and flow-meter. 


Quantitative analysis of the curves show 
that in most instances auricular arterial in- 
flow during ventricular systole and diastole 
are nearly equal, systolic inflow being greater 
or lesser than that of diastole by a few 
hundredths cubic centimeter. In these hearts, 
total inflow for each cardiac cycle varied 
from 0.08 cc to 0.S81 cc. A casual examina- 
tion of the tracings suggests that the arterial 
stream during ventricular systole is of greater 
quantity than in diastole— a discrepanc}^ 
which is more apparent than real. Ra e of 
inflow in ventricular systole is greater for a 
short time, producing this form of curve. 
Tracings of blood inflow into the auricular 


curves of flow into the principal coronary 
arteries." 

Effect oj Raising Left Intra-auricular Ten- 
sion Upon Atrial Arterial Inflow: Elevation 
of intra-auricular tension was produced by; 1. 
induction of cardiac dilatation by raising 
cardiac output above optimum levels (4 e.\'- 
periments); 2. by inducing anoxia of the 
preparation (3 e.\periments), and 3. by pro- 
ducing cardiac dilatation by the administra- 
tion of 20% chloral hydrate' (2 experiments). 
Cardiac dilatation by any of these methods 
readily caused a progressive rise of left intra- 
auricular pressure to 20-2S cm of water. Dur- 
ing the period of myocardial dilatation, the 
blood pressure was maintained at 100 mm 
Hg, and the cardiac output showed only minor 
degrees of variation. Heart failure was not 
permitted to become more severe, for when 

7F.iIir, G., and Buelilor, JI. ,S., ArnTWearTT., 
!<)«, 25 , 211 . 
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TABLE I. 


Examples of Quantity of Inflow into the Left Anterior Auricular Aftery in 2 Xonunlly Bcatiiif; 

Heart-Lung Breparations. 


Cardiac output. 

Blood 

Inflow systole. 

Inflow diastole. 

Total inflow. 

CC per min 

pressure 

CC 

ce 

cc per cycle 

Exp. 7 660 


0.0S4 


0.150 

” 8 640 


0.099 

0.141 

0.240 




Fig. 2. 

Upper; Segment of a curve showing aortic blood 
pressure tracing (marked by arrow), and the curve 
of blood inflow into the left anterior anricular 
artc^- in a heart-lung preparation. The flow curve 
as been inked to facilitate reproduction. Black 
me through the flow curve is line of zero flow; 
ase line for blood pressure is marked by arrow, 
ower: Blood pressure and inflow curves redrawn 
0 linear ordinate scales. Analysis of flow curve 
s ions inflow during ventricular systole of 0.249 cc; 
innow during ventricular diastole of 0.332 cc. 
nnow during cardiac cycle 0.581 cc. Cardiac 
output was 025 cc per minute. 

marked failure occurred blood pressure and 
output could not be controlled, and the prep- 
aration became useless. 


TABLE II. 

Experiment 10, formally Beating Heart-Lung 
Preparation, Blood Pressure Constant at 100 
nun Hg. Quantitative Changes in Inflow into Left 
Auricular Artery During Hise of Left Intra- 
auricular Tension from Anoxemia. 


Left intra-aur. 
tension, 
cm water 

Cardiac 
ontput, 
cc per min 

Anr. art. inflow 
per cycle, 
cc 

3.3 


0.140 

8.8 


0.123 


600 


8.8 


0.136 


With blood pressure and cardiac output re- 
maining essentially constant, left auricular 
arterial inflow decreased as pressure within 
the auricle rose from myocardial dilatation. 
Decrease in the quantity flow became appar- 
ent as pressure within the auricle rose 8-10 cm 
of water; diminution of inflow became more 
marked as auricular tensions increased to 
15-20 cm of water (Table II). In general, 
a rise of intra-auricular tension to 15-20 cm 
of water, or more, reduced arterial inflow 
approximately 30-40%. As the heart gradual- 
ly recovered, the inflow again increased as 
intra-auricular pressure declined. Analysis of 
the curves further indicated that the inflow 
in ventricular systole and diastole was usually 
uniformly decreased as distension of the 
auricle occurred. Exceptionally, the inflow 
during ventricular diastole was greatly cur- 
tailed, so that forward flow into the auricular 
arterji took place almost entirely during con- 
traction of the ventricles. 

Discussion. These experiments utilized a 
sj’stem conveying blood directly from the 
aortic cannula of the heart-lung preparation 
to the left anterior auricular artery. There- 
fore, the phasic changes observed in the in- 
flow curves depended upon aortic pressure 
and upon alteration of factors affecting the 
auricular vascular bed. They were not due 
to changes of flow in the left circumflex 
artery. 
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Pyroninophilic Liver Cells and Carbon Tetrachloride 


The pattern of the inflow curves, in the 
normally beating preparation, suggests that 
the systolic rbe of aortic pressure produces a 
rapid forward progression of blood in the 
auricular artery. During ventricular diastole, 
the flow is less rapid than in systole but is 
somewhat more sustained. Forward flow is 
momentarily interrupted at the onset of 
ventricular systole and diastole, coincident 
with rapid changes in aortic pressure. Gen- 
erally there is a sharp backflow from the 
auricular artery during the rapid fall of aortic 
blood pressure, early in ventricular diastole. 

The diminution of inflow into the auricular 
artery accompanying elevation of left intraau- 
ricular pressure appears to result from changes 
in the resistance in the auricular vascular bed, 
since cardiac output and blood pressure were 
maintafned during the period of mild heart 
failure. It has been suggested that stretching of 
the cardiac walls may attenuate the intra- 
mural vessels, diminishing their capacity.* 
Spalteholz” and Unger’" have shown that the 
greater part of the venous blood from the left 
auricle passes by vein to the coronary sinus, 
but that numerous Thebesian veins e.xist to 

8 Vjiiiiiotti, A., and Blunschy, A., y!. /. <7. ffcs. 
ej-p. Med, 1930, 105, 447. 

8 Spaltoliolz, W.j AaaL Anz,, 1934, 79, 212. 

10 Unger, K., jC. f. Jtmt. ii. Eiitwirli., 1937-38, 
108, 350. 


account for the escape of a portion of 
venous blood directly into the auricular cavity. 
Therefore, a rise of intra-auricular tension 
may diminish venous outflow from the 
Thebesian vessels. More probably the disten- 
sion of the atrial wall exerts pressure upon 
all of the intramural vessels preventing the 
free passage of blood through them. 

The results of these experiments warrant 
the suggestion that distension of the auricles, 
(e.g., resulting from heart failure or valvular 
disease) may curtail the blood supply to the 
auricles, favoring the development of auricular 
fibrillation or other auricular arrhythmias.- 

Sunwiary. The flow of blood into the left 
anterior auricular artery was measured 
phasicallj' and quantitatively in the heart-lung 
preparation. The curves indicate that for- 
ward flow into the auricular artery occurs 
during ventricular systole and diastole, with 
abrupt, momentary interruptions of inflow 
at the onset of ventricular systole and diastole. 
Elevation of tension within the left auricle 
diminishes auricular arterial inflow, inflow 
again increases as pressure within the auricle 
is restored to normal levels. It is suggested 
that the interference with auricular blood sup- 
ply, due to increased intra-auricular tension 
(as in heart failure) may enhance the estab- 
lishment of aberrant auricular mechanisms. 
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Pyroninophilic Structures of Liver Cells in Carbon Tetrachloride 

Poisoning. 


A, Rosin and L. Doljanski. (Introduced by L. Halberstaedter). 

From the Department of FxperimenUit Patholopy, The Hebrew VniversUp, (Cancer 
Laboratories), Jerusalem, Palestine. 


The present report is concerned with 
-hanges in the pyroninophilic structures of 
*e liver cell, as an early effect of carbon 

tetrachloride poisoning. 

In the hepatic cells ofj^ rious mam mals 


Annt., 1893, 42 53; 
'. Anat. All-. ' 


and lower animals a peculiar type of granula- 
tion has repeatedly been observed and de- 
scribed.’ These structures are characteristic 
in that they stain an intensive red with 
methyl green-pyronin (Pappenheimer’s meth- 

Aiiat., 1920, 94, 518; Pfiiiticr’s Arch. f. <7. gc.s. 
Phffsiol., 1926, 214, 243; Z. f. viilr.-anal. Forsch, 
1927, 12, 1; Z. f. milr.-anat. p'orsch., 1934, ;J0, 87. 
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od). They van' in size and shape and may 
have the form of spheres, plump rods or 
lumps. They are often accumulated in the 
immediate neighborhood of the nucleus, but 
occasionally are . spread over the entire cy- 
toplasm. There is a clear relationship be- 
taken the ptToninophilic granule content of 
the liver cells and the nutritional state of 
the animal. In livers of fasting animals or 
in animals fed on carbohydrate or fat only 
the pyroninophilic structures disappear; in 
animals kept on a diet rich in proteins and 
products of protein cleavage they are especial- 
ly numerous. The pyroninophilic granules 
can be digested by protein splitting ferments; 
they give positive Millon’s, ninhydrin, diazo, 
and nitroprusside reactions. These facts led 
Berg to conclude that the pyroninophilic struc- 
tures are paraplasmatic accumulations of pro- 
teins with a substantial proportion of lower 
degradation products. According to this au- 
thor changes in the size and number of 
pyroninophilic granules are an indication of 
a disturbed protein metabolism. 

The views of Berg were corroborated by a 
number of investigators.-'" Various au- 
thors^®-'^ hai'e opposed his opinions. Kremer*"’ 
held the pyroninophilic structures to be the 
products of biliary secretion. The histo- 
chemical studies of Brachet’® and of Biesele'” 
made it probable that the structures observ'ed 
by Berg contain ribonucleic acid as an es- 
sential component. 

Few studies have been made on pyronino- 
philic structures under pathological conditions. 

= Calm-Broiiner, C., Sioclicm. Z., 1914, 00, 289. 

"■Sfubel, H., Pfliiprr’s Arch. {. d. ge.<i. rhysiol., 
1820. 18.-5, 74. 

■* Hesse, E., Arch. f. exp. Path. n. Pharnml:ol., 
3924, 102, G3. 

•' Rotlimann, }I.. Z. f. d. exp. Med.j 1924, 
-30, 25.1. 

‘'Loonier, L., und Xordnmnii, M., Virchoir’x 
-4 roll. /. pniJi. Anal., 1923, 257, 119. 

^L.oselikis, K., Klin. Jl'chiixchr., 1929, 8, 1293. 

* Clara, M., Z. f. Zcllfnrxch. ii. mil:r. Anat., 

1954 , 21 , 119 . 

"Li, H. H., Chinese .T. Physiol., 193G, lO, 7. 

n'I,cvy, M., Z. f. Iclin. Med., 1924, 08, 220. 

II Gross, IV., Verh. d. dcutsch. path. Gcsellsch., 
1920, 21, J9G, 

'= HiiCCia, G., unrt Mn.suelli, L., Z. f. Zrllforxch. 


It has been claimed*® that in human livers 
showing cloudy swelling the pyroninophilic 
material is augmented. In livers of patients 
dying with severe infections, a marked in- 
crease of pyroninophilic granules could be 
observed.*® 

It has been further noted that administra- 
tion of adrenalin as well as insulin considera- 
bly reduces the amount of pyroninophilic 
granulations.®-’’’’ Recently Korenchevsky®® 
described a decrease in number and size of 
the pi'roninophilic granules in gonadectomized 
rats, and a return to normal after injection 
of se.x hormones. 

In the present investigation we used young 
albino rats kept on a balanced diet, rich in 
proteins. Chemically pure carbon tetrachlor- 
ide vras given intraperitoneally in an amount 
of 0.1 ml per 100 g of body weight. The 
animals were sacrificed after various inter- 
vals. The liver samples were fi.ved in Zenker’s 
and Carnoy’s fluids immediately after re- 
moval and embedded in paraffin. The sec- 
tions, 5 p thick, were stained with methyl 
green-pyronin, according to Pappenheimer. 

In the liver of normal uninjected rats fed 
on our standard diet, sufficient in ever}' re- 
spect, pyroninophilic structures were invaria- 
bly present in practically every hepatic cell. 
They were numerous, of varying size and 
shape and were fairly evenly distributed 
throughout the hepatic lobule. The aspect 
was quite different after administration of 
carbon tetrachloride. In the animals sacri- 
ficed one hour after injection of carbon 
tetrachloride the pyroninophilic granules in 
the periphery and the middle zone of the 

u. mikr. Avat., 1932, tC. 659. 

Sunder, L., Z. f. mil'r.-tnmt. Fort-ch., 1937. 
41, 541. 

n Kosterlitz, H. ^V., and Cam}dKdl, 11. M., 
Hcv.j 1945-6, I.*!, 1. 

i"* Krcmer, .1., Z. f. Forsch., 1933, 

.'13, 485. 

i«Braeliet, J., C. 17. Soc, dc hioL, 1940, SS. 

1" Iliescle, J. .1., Cnnccr Hcscorchj 1944. 4, 529, 

Xever, H. E., Zcniralhl. f. aU<u Path. i/. path. 
Anat,, 1932, o4, 327. 

10 Santee, F. L., BnU. Johns Jhtpl ins Hasp,, 
1936, .'ll), 427. 

Korentdiev.sky, V., J. Path, and Bart., 1941, 
52, 341. 
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The pattern of the inflow curves, in the 
normally beating preparation, suggests that 
the systolic rise of aortic pressure produces a 
rapid forward progression of blood in the 
auricular artery. During ventricular diastole, 
the flow is less rapid than in systole but is 
somewhat more sustained. Forward flow is 
momentarily interrupted at the onset of 
ventricular systole and diastole, coincident 
with rapid changes in aortic pressure. Gen- 
erally there is a sharp backflow from the 
auricular artery during the rapid fall of aortic 
blood pressure, early in ventricular diastole. 

The diminution of inflow into the auricular 
artery accompanying elevation of left intraau- 
ricular pressure appears to result from changes 
in the resistance in the auricular vascular bed, 
since cardiac output and blood pressure were 
maintained during the period of mild heart 
failure. It has been suggested that stretching of 
the cardiac walls may attenuate the intra- 
mural vessels, diminishing their capacity.® 
Spalteholz” and Unger’" have shown that the 
greater part of the venous blood from the left 
auricle passes by vein to the coronary sinus, 
but that numerous Thebesian veins exist to 

sVjiiinotti, A., and Blunseli.v, A., /. f. tJ. gcs. 
exp. Meil., 1930, 103, 447. 
y Siialtcdiolz, W., Anat. Aux., 1934, 7!), 212. 
in linger, K., Z. /. Aunt. u. JCnlwicl'l., 1937-38, 
108, 356. 


account for the escape of a portion of 
venous blood directly into the auricular cavity. 
Therefore, a rise of intra-auricular tension 
may diminish venous outflow from the 
Thebesian vessels. More probably the disten- 
sion of the atrial wall e.xerts pressure upon 
all of the intramural vessels preventing the 
free passage of blood through them. 

The results of these experiments warrant 
the suggestion that distension of the auricles, 
(e.g., resulting from heart failure or valvular 
disease) may curtail the blood supply to the 
auricles, favoring the development of auricular 
fibrillation or other auricular arrhythmias.- 

Smmnary. The flow of blood into the left 
anterior auricular artery was mea.sured 
phasically and quantitatively in the heart-lung 
preparation. The curves indicate that for- 
ward flow into the auricular artery occurs 
during ventricular systole and diastole, with 
abrupt, momentary interruptions of inflow 
at the onset of ventricular systole and diastole. 
Elevation of tension within the left auricle 
diminishes auricular arterial inflow; inflow 
again increases as pressure within the auricle 
is restored to normal levels. It is suggested 
that the interference with auricular blood sup- 
ply, due to increased intra-auricular tension 
(as in heart failure) may enhance the estab- 
lishment of aberrant auricular mechanisms. 
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Pyroninophilic Structures of Liver Cells in Carbon Tetrachloride 

Poisoning. 


A. Rosin and L. Doljanski. (Introduced by L. Halberstaedter). 

From the Department nf Experimental Patholoyij, The Hebrew Unircrsilu, (Cancer 
Laboratories), Jerusalem, Palestine. 


The present report is concerned with 
■hanges in the pyroninophilic structures of 
ie liver cell, as an early effect of carbon 

of varfoos oaa— 

Ivo.ransk^, jreh. f. mihr. 

W., Anat. An:., •*-, > 


and lower animals a peculiar type of granula- 
tion has repeatedly been observed and de- 
scribed.’ These structures are characteristic 
in that they stain an intensive red with 
methyl green-pyronin (Pappenheimer’s meth- 

Anat., 1920, 94, 518; Pfliiger’s Arch. f. a. ges. 
Physiol., 1920, 314, 243; Z. f. mil-r.-anai. Fursch, 
1927. 13. It Z. f. mil-r.-aiiat. Forseh., 1934. .IC, 87. 
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Histamine Antagonists. V. Comparison of Benadryl and Pyribenzamine 
in Histamine and Anaphylactic Shock. 

Sidney Friedlaender, Samuel M. Feinberg, and .^lan R. Feinberg. 
(Introduced b\' C. A. Dragstedt). 

From the Division of Alirr^;/, Department of Internal ilcitieinc, Xorthwestern University 

Mcdieal School, Chicago, III. 


Following the lead of French investigators, 
several new antihistaminic compounds have 
recently been synthesized in this country and 
made available for e.xperimental and clinical 
trial. B-dimethylaminoethyl benzhydrjd 
ether (Benadryl) and pyridil-N'-benzyl-N- 
diniethyleth 3 'lenediamine (Pjwibenzamine), an 
analogue of the later French compounds, have 
proven effective in histamine, and ana- 
phylactic’"'’ shock and in the management of 
some allergic conditions in man.‘’'"^“ 

In order to have a basis for a comparative 
activity of these and similar compounds it 
tvas felt that an e.\perimental study of these 
substances bj’’ the same technic and in the 
same laboratory was required. The present 
experiments deal with the comparative ef- 
ficacy of Benadryl* and P 3 wibenzamine* in 
fatal histamine and anaphylactic shock in 
guinea pigs. 

Histamine Shock. Adult male guinea pigs 
were given injections of histamine in the 
dorsal vein of the penis. Histamine phos- 
phate was emplo 3 fed in increasing doses in a 
series of control animals to determine the 
100% lethal dose. (All values of histamine 
are expressed in terms of the base). Another 
group of guinea pigs received 3 mg/kg of 

iLoew, E. B., Kaiser, JX. E., and Moore, V., 
j. Pharmacol, and Dry. Thcrap., 1.045, S3, 120. 

-Wells, L. A. Morris, H. C., Bull, H. B., .and 
Dragstedt, C. A., ,7. Pharmacol, and Dxp. Thcrap., 
1945, 85, 122. 

■r Mayer, B. L., Huttner, C. P., and Scliolz, C. B., 
Science, 1945, 102 , 93. 

•*L(.ew, E. B., and Kaiser, M. E., Proc. Soc. 
Exp. Biol, and Med., 1945, .58, 235. 

■•Wells, J. A., Morris, H. C., .and Dragstedt, 
0. A., Proc. Soc. Exp. Biol, axd Med., 1946, 
«J, 104. 

'•Peinlierg, ,S. M., and Friedlaender, S., J. 
Allergy, ]945, Ifl, 29G. 


Benadr 3 d intraperitoneall 3 r IS minutes before 
the administration of histamine. A third 
group of animals was similarly prepared with 
3 mgAg of P 3 'ribenzamine (Table I). In 
the untreated control group, 0.4 mg/kg of 
histamine resulted in the death of all animals 
within 5 minutes. At lower doses var 3 dng 
degrees of shock were encountered in the 
surviving animals. In the Benadryl-treated 
group significant protection was afforded, in 
that 2.0 mgAg of histamine, 5 times the 
amount necessary to kill all unprotected ani- 
mals, were required to produce 100% mor- 
tality. Some degree of shock was encountered 
in practically all animals which survived 
lesser doses. The animals receiving P 3 wi- 
benzamine showed a considerabl 3 ' higher de- 
gree of protection against the lethal effects 
of histamine. Little evidence of shock and 
no deaths were obserx'ed up to 2.0 mg/kgj 
while 15.0 mg/kg of histamine were required 
to kill all animals. The data obtained would 
indicate that Pyribenzamine is approximately 
6 to 7 times more active than Benadryl in 
preventing fatal histamine shock in guinea 
pigs. 

Anaphylactic Shock. Seventy-two male 
guinea pigs weighing from 300 to 400 g were 
passivel}’^ sensitized b 3 ' the subcutaneous in- 
jection of 0.5 cc of rabbit anti-horse serum 

• Curtis, A. C., and Owens, B. B., Univ. Mich. 
Hasp. Dull., 1945, 11, 1. 

8 Friedlaender, A. S., Am. J. Med. Sc., 194G, in 
press. 

9 Friedlaender, S., and Feinberg, S. M., J. 
Allergy, 1946, 17, 129. 

to Arbesinan, C. E., Koepf, G. F., and Miller, G., 
.7. Allergy, 1946, in press. 

* Benadr 3 -I was supplied b)- Parke-Davis and 
Co., Detroit, Mieb. ; the Pyribenzamine was fur- 
nished by Ciba Pharmaceutical Products, Inc., 
.Summit, K.J. 








FlO. 1. 

Liver of tlie rat <No. 293) sacrificed 1 hour after the injection of carbon tetrachloride. 
Fixed in Carnoy’a fluid. Stained vith methyl green-pyronin. 

A. Liver cells from the periphery of the lobule. Mag. X 1900. 

B. Liver cells from tlie central part of the lobule. Mag. X 1500. 


lobule were essentially normal in size, dis- 
tribution and number. In contrast, in the 
central zone of the lobule the parenchymal 
cells were free from pyroninophilic material 
and no traces of red granules could be identi- 
fied. The line of demarcation between the 
empty central areas and those containing 
pyroninophilic granules is sharp. At this 
period no other noteworthy alterations were 
observ'ed in the liver parenchym of the treated 
rats. 

Summing up, the administration of carbon 
tetrachloride, as early as one hour after in- 
jection, brings about an alteration of the 


pyroninophilic structures, leading to their com- 
plete disappearance in the hepatic cells in 
the central part of the lobule. Inasmuch as 
the nature of the pyroninophilic structures 
is still a subject of discussion, no conclusive 
evidence pointing to the significance of these 
changes can be presented at time. If Berg’s 
concept is correct, the early disappearance of 
the pyroninophilic granules in liver cells after 
injection of carbon tetrachloride can be re- 
garded as a proof that disturbed protein 
metabolism in liver cells is one of the very 
earliest effects of carbon tetrachloride poison- 
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Sidney Friedlaender, Samuel M. Feinberg, and Alan R. Feinberg. 
(Introduced by C. A. Dragstedt). 

From the Divixion of AUrroU’ Department of Internal Medicine. Xorthwextern University 

Medical School, Chicago, 111. 


Following the lead of French investigators, 
several new antihistaminic compounds have 
recently been sj’nthesized in this country and 
made available for experimental and clinical 
trial, B-dimethylaminoeth\'l benzhj-drjd 
ether (Benadryl) and pyridil-N'-benzyl-N- 
dimeth\'lethylenediamine (Pyribenzamine), an 
analogue of the later French compounds, have 
proven effective in histamine, and ana- 
phylactic*”'' shock and in the management of 
some allergic conditions in man.'’'"'® 

In order to have a basis for a comparative 
activity of these and similar compounds it 
was felt that an experimental study of these 
substances by the same technic and in the 
same laboratory was required. The present 
experiments deal with the comparative ef- 
ficacy of Benadryl* and Pyribenzamine* in 
fatal histamine and anaphylactic shock in 
guinea pigs. 

Histamine Shock. Adult male guinea pigs 
were given injections of histamine in the 
dorsal vein of the penis. Histamine phos- 
phate was employed in increasing doses in a 
series of control animals to determine the 
100% lethal dose. (All values of histamine 
are e.xpressed in terms of the base). Another 
group of guinea pigs received 3 mg/kg of 

iLocw, E. K., Kaiser, M. E., and Moore, V., 
I. Pharmacol, and Fxp. Pherap., 1945, 8B, 120. 

-Wells, L. A. Morri.s, H. C., Bull, H. B., .and 
Dragstedt, C. A., ./. Pharmacol, and Exp. Thcrap., 
1945, 8o, 122. 

■' Mayer, R. L., Huttner, C. P., and Scliolz, C. R., 
ScievcCf 1940, 102, 93. 

^ Loew, E. R., and Kaiser, M. E., Proc. Soc. 
Exp. Biol, and Med., 1945, .>8, 235. 

.'•Wells, J. A., Morris, II. C., .and Dragstedt, 
C. A., PROC. Sor. Ext. Biol, and Med., 1946, 
01, 104. 

a Feinberg, S. M.. and Friedlaender, S., 3. 
Allenni. 1945, 10, 296. 


Benadryl intraperitoneally 15 minutes before 
the administration of histamine. A third 
group of animals was similarlj' prepared with 
3 mgAg of P\Tibenzamine (Table I). In 
the untreated control group, 0.4 mg/kg of 
histamine resulted in the death of all animals 
within 5 minutes. At lower doses varying 
degrees of shock were encountered in the 
survii’ing animals. In the Benadrjd-treated 
group significant protection ivas afforded, in 
that 2.0 mgAg of histamine, 5 times the 
amount necessary to kill all unprotected ani- 
mals, were required to produce 100% mor- 
tality. Some degree of shock was encountered 
in practically all animals ivhich survived 
lesser doses. The animals receiving PjtI- 
benzamine showed a considerably higher de- 
gree of protection against the lethal effects 
of histamine. Little evidence of shock and 
no deaths were observed up to 2.0 mg/kg, 
while 15.0 mg/kg of histamine were required 
to kill all animals. The data obtained would 
indicate that Pyribenzamine is approximately 
6 to 7 times more active than Benadryd in 
preventing fatal histamine shock in guinea 
pigs. 

Anaphylactic Shock. Seventy-two male 
guinea pigs weighing from 300 to 400 g were 
passively sensitized by the subcutaneous in- 
jection of 0.5 cc of rabbit anti-horse serum 

• Curtis, A. C., and Owens, B. B., Univ. Mich, 
nosp. Bull., 1945, H, 1. 

8 Friedlaender, A. S., Am. 3. Med. Sc., 1940, in 
press. 

9 Friedlaender, S., and Feinberg, S. M., 3. 
Allergy, 1946, 17, 129. 

10 Arbesnian, C. E., Koepf, G. F., and Miller, G., 
3. Allergy, 1946, in press. 

•Benadryl was supplied by Parke-D.avis and 
Co., Detroit, Jlieli.; the Pyribenzamine was fur- 
nished by Ciba Pharinaeeutieal Products, Inc. 
•Summit, K.J. ’ 
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Benadryl and Pyribenzamine in Shock 


r. * TABLE I. 

rotcctive Effect of Benadryl and Pyribenzamine Against Histamine .Shock in Guinea Pi<-^ 


Control ^jroup 
^rortnlity 

^ '-H 

Group receiving 
Benadryl 3 mg/kg 
Mortality 

Group receiving 
Pyribenzamine 3 mg/kg 
Mortality 

Hist'niine T.V. 

Total deaths 

Total deaths 

Total deaths 

mg (base)Ag 

n*?. n 1 

Total used % 

Total used % 

Total used % 


0.2 

0.3 

0.4 

0.8 - l.G 
2.0 

2.4 - 3.2 
3.G - G.8 
7 -10 

11 -13 

15 


2/0 

3/6 

10/10 


33 

50 

100 


0/5 

2/7 

2/G 

0/0 


0 

20 

33 

100 


0/0 

0/5 

0/4 

1/0 

2/10 

3/0 

5/8 


0 

0 

0 

IG 

20 

33 

02 


^ . TABLE II. 

Protective Effect of Benadryl and Pvribenzamine Anainst 

Anapliylactie Sboek in 

Guino!! Pigs. 

Amount of drug used mg/kg 

f 

Ho. of animals used 

Survived 

Died 

Hone 

12 

1 

n 

Benadryl 1 

10 

5 

5 

o 

10 

7 

3 

3 

10 

10 

0 

Pyribenzamine 1 

10 

4 

G 

2 

10 

7 

3 

3 

10 

10 

0 


(Table II). After 48 hours, the intravenous 
injection of 1 cc of horse serum in the penile 
veins of 12 animals in this group resulted 
in typical fatal anaphylactic shock in 11, 
One animal manifested severe symptoms with 
recovery. The remaining animals were di- 
vided into 6 groups of 10 each, and given 
intraperitoneal injections of 1, 2, or 3 mgAg 
of Benadryl or Pyribenzamine IS minutes be- 
fore the intravenous administration of 1 cc 
of normal horse serum. A significant degree 
of protection was afforded by 1 mg/kg of 
either drug. Two mg/kg gave somewhat in- 
creased protection, while 3 mgAg of Benadryl 
or Pyribenzamine protected against fatal ana- 
phylactic shock in all animals tested. Some 
manifestations of anaphylaxis were observed 
in the majority of the surviving guinea pigs. 
Subject to the limitations of the above ex- 
periment, this might indicate that there is 
no essential difference in the anti-anaphylactic 

activity of the 2 drugs under study. 

Discussion. The protective effect of 


Benadryl and Pyribenzamine against hista- 
mine and anaphylactic shock is striking and 
in accord with the theory that histamine 
pla\'s a role in anaphylaxis. Pyribenzamine 
on a weight basis has a greater protective 
effect against histamine than does Benadryl 
as manifested by the large increase in the 
LDion of histamine in Pyribenzamine-treated 
animals. On a weight basis the 2 drugs ap- 
pear to have an equal effectiveness against, 
anaphylactic shock. This apparent discrepan- 
cy may be due to the fact that the maximum 
amoiint of histamine liberated during ana- 
phylaxis in the guinea pig is of the order of 
0.4 mg/kg, at which dose the 2 drugs are 
nearly equally effective. There is of course 
the consideration that phenomena other than 
the liberation of histamine may account for 
some difference between the protective effect 
of chemical agents against histamine shock 
on the one hand, and against anaphylactic 
shock on the other. 

Summary. The LDioo of histamine was 
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first determined in a control group of guinea 
pigs. It was found that approximately 5 
times this amount was required to kill all 
animals previously treated with 3 mg/kg of 
Benadryl, while 35 times the lethal dose of 
histamine was necessary to produce 100% 
mortality in animals receiving 3 mg/kg of 


Pyribenzaniine. No apparent difference was 
discernible between the 2 drugs in preventing 
anaphylaxis in passively sensitized guinea 
pigs. One mg/kg of either compound gave 
significant protection against a shocking dose 
of antigen, while 3.0 mg/kg prevented fatal 
anaphylaxis in all animals tested. 
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Bed-side Agglutination Test with Whole Blood for Rapid Diagnosis 

of Tularemia." 

Raul M. Tovar. (Introduced by M. R. Castaneda). 

From the Dcporimeul of Mcflieat Fcxrarrh, Gcuerol Ilosintal, Mexico T). F. 


The agglutination test has been the most 
practical method for the laboratory diagnosis 
of tularemia. McCoj' and Chapin' showed 
the presence of agglutinins in the serum of 
patients infected with B. tularensc and 
Francis- applied the agglutination test to the 
serological diagnosis of the infection. Re- 
cently Damond and Johnson" described what 
they call the “shake method” of agglutination 
by which it is possible to accelerate the reac- 
tion and read the results in 3 minutes. 

Considering the possibility of a further im- 
provement by using the method recommended 
by Castaneda and collaborators for typhus 
fever" and brucellosis,'' we prepared a con- 
centrated antigen conveniently stained and 
used either with whole blood as a bed-side 
test or with serum as in the case of the so- 
called rapid antigens developed by Huddle- 
son« and Welch." 

Preparation of the Antigen. The strain of 
B. tularense No. 408, obtained by courtesy of 

This work was aided i)y grants from tlic 
Universitv of Mc.-cieo and Eli Lilly Co. of In- 
(tianapnlis, Indiana. 

' McCoy, G. \V., and Chapin, C. W., ,J. Infect. 

1012 , 10 , 01 . 

= Francis, E., Medicine, 1928, 7, 411. 

Damond, S. I?., and Johnson, M. B., J. Lah. 
and Clin. Med, 1944, 20, 97C. 

"Castaneda, M. I?., .Silva, R. G., and Monnicr, 
A., Jlcv. 31,., I riel IJrmp. Gen, ■ml, 1940, 8, .182. 

"Castaneda, M; It., “Brucclosis,” First edition, 

Mcdieinr,^ 1942. 


Dr. R. R. Parker from the Rocky Mountain 
Laboratory of Hamilton, Montana, was used 
for the preparation of the antigen. The cul- 
ture medium, recently described,® consisted 
briefly in a concentrated liver infusion with 
cystine, glucose, sodium chloride, peptone and 
agar, without blood or hemoglobin and dis- 
tributed in Roux's bottles. Each bottle was 
inoculated with a concentrated emulsion of 
B. tularense and after 72 hours of incubation 
at 37 ’C the organisms were emulsified with 
isotonic saline containing 10% formaline 
(40%), filtered through wet cotton and left 
at ordinary temperature for 72 hours. The 
emulsion was centrifuged and the supernatant 
fluid was discarded; the organisms were 
emulsified in a small amount of isotonic 
saline. The concentration of the emulsion 
was standardized in order that one-tenth of 
antigen diluted with 10 cc of saline gave a 
turbidity corresponding to No. 3 of McFar- 
land’s Nephelometer. When the concentration 
of the antigen was adequate, enough aqueous 
solution of methylene blue was added to stain 
the antigen to a deep blue color, .-^fter 
24 hours the antigen was centrifuged at high 
speed and the supernatant fluid was discarded. 


'• Iluddlp-son, I. F., Tech. Bull. No. 123, Mieli. 
Agric. E.vp. .Station, 1932. 

V Welch, n., !in(l Stuart, C. A., J. Lah. and Clin. 
Med., 1939, 21, 411. 

N Tov:ir, It. M.. Hcv. del In.ft. tie Salnhridttd y 
Knf. Trop., 194.1, «, 181. 
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The stained organisms were emulsified in a 
small amount of isotonic sodium citrate solu- 
tion (1.1%), containing merthiolate to a con- 
centration of I:S000. 


Samples of the concentrated material are 
diluted to various proportions with isotonic 
citrate and each dilution tested for specificity 
and sensitivity using samples of serums with 
titers previousl}'^ determined by the tube ag- 
glutination method. The test is performed 
mi.ving a drop of antigen with a drop of 
serum in a slide, and the sample giving 
definite agglutination within one minute with 
a serum of 1:50 titer is selected as a basis 
for further titrations. Then the antigen is 
tested for sensitivity which is made comparing 
the titer of a serum determined by the standard 
tube agglutination method and the results of 
tests performed on a glass slide using the 
rapid antigen following the method of Hud- 
dleson for brucellosis.® 

The specificity of the antigen has been de- 
termined with a few available sera from pa- 
tients suffering from tularemia, 2 from Mexico 
and 4 obtained by courtesy of Dr. Parker 
(Hamilton, Montana) ; all of them were con- 
firmed cases. We also used sera from guinea 
pigs and rabbits e.xperimentally infected with 
a non-virulent B. tularcnse strain. The in- 
activity of the antigen when mixed with nor- 
mal sera or with serum from persons suffer- 
ing from various infections, not including 
tularemia or brucellosis, was demonstrated 
performing 1600 comparative tests using the 
rapid antigen and the tube agglutination 
method. 

When the antigen is found satisfactory it 
is, submitted to tests with whole blood of 
guinea pigs or rabbits infected with B. 


tiilarense. 

Technic oj the test. Bed-side test with 
whole blood. The agglutination test with 
whole blood is performed at the bed side 
mixing on a clean slide the antigen wth 
blood taken by puncture of the ear or from 
the finder. The amount of antigen is that 
carried bv a wire loop of 4 mm diameter and 
that of the blood is what is taken with a 
2 mm loop. The slide is moved to hnd fro 
^ Pffect observed in front of a window 

:fa bdght light. The positive test appears 


within one minute, consisting of a definite 
separation of colors (blue of the antigen and 
red of the blood) and the immediate forma- 
tion of clumps of antigen, which because of 
the rotation of the mixture, have a tendency 
to be accumulated in the periphery forming 
a blue ring. In the positive reactions there 
are different intensities that we called b, 2t, 
3t and 4t, according to the time of clumping 
and size of clumps of antigen; they are re- 
lated to a low or high agglutinating titer of 
the blood serum. The rapid reaction with 
whole blood is positive only in cases in which 
the agglutinating titer of the serum is above 
1:100. In the negative tests there is neither 
color separation nor clumping of the antigen, 
the mixture remains homogeneous until dry- 
ing. 

The spontaneous clumping of red blood cells 
may be confused with a positive result for 
which it is necessary to perform a neiv test 
using the blood serum. 

Rapid test with blood serum. The antigen 
has been satisfactory, used as a screen test, 
mix-ing a droplet of antigen with an equal 
amount of serum. When the test is positive 
there is an immediate formation of blue 
clumps of antigen and if it is negative the 
mixture remains homogeneous until drying. 
The screen test is positive ivhen the ag- 
glutinating titer of the serum is above 1:20. 
The screen test with serum is particularly 
useful to pick up suspicious cases when a 
considerable number of samples is submitted 
to the laboratory. The positive serums are 
further tested by the rapid method following 
the technic of Huddleson and finally by tube 
agglutination using suitable emulsions of B. 
tiilarense to determine the agglutinating titer. 

Results. The bed-side test with ivhole blood 
was performed with known cases of tularemia, 
suspicious cases detected by previous agglutin- 
ation tests and blood of animals experimental- 
ly infected. The negative controls were nor- 
mal persons or patients suffering from vari- 
ous diseases. We included a group of 100 
cases of brucellosis, which according to Francis 
and Evans® produces a high percentage of 
cross-agglutination with B. tiilarense. Table I 

9 Francis, E., and Evans, A. C., Fill). JJcaltli 
Hep., 1926, 41, 1273. 
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TABLE I. 


Bcd-sitle Agglutination Test lyitli Bapid li. iularcnsc Antigen and Wliole Blood. 


^SO. of COSOS 

History 

Positive tests 

% 

100 

Normal adults 

0 

0 

100 

Adults suffering from various infectious diseases 

0 

0 

100 

Brucellosis patients 

10 

10 

30 

Serological reactors to J5. iulorcnsc* 

30 

100 

o 

Confirmed cases of tularemia 

o 

100 

20 

Guinea pigs and rabbits experimentalli' infected 

20 

100 


* Eeactors determined by tube agglutination tests. 


summarizes the results of the tests. 

It may be seen that in spite of the few posi- 
tive cases, the results of the test were ver}^ 
significant. The test was repeated many 
times in each case. The positive tests were 
clear cut in the 30 persons in whom it was 
found that the serum had a significant titer 
of agglutinins for B. tularcnsc. In regard to 
the 10 cases of cross-agglutination found in 
the group of 100 patients suffering from 
brucellosis this is not surprising because of 
the previous findings referred to above. These 
cases of cross-agglutination can be readily 
differentiated by means of selective agglutina- 
tion reported elsewhere.^® 

In the guinea pigs experimentally infected 
with tularemia the test was positive after the 
7th day of inoculation and remaining posi- 
tive during 7 months until discarded. 

ToT.nr, B. M., Mcdicina, 194:5, 25, 331. 


All individuals showing a positive bed-side 
agglutination test with whole blood, including 
the 10 cases infected with Br. meUtensis, gave 
allergic skin reaction when injected by intra- 
dermal route with “Tulargen,”^® an extract 
obtained by grinding B. hilarcnse. The opso- 
nocytophagic test performed with killed B. 
tularcnsc as antigen and blood of the same 
persons, was positive in all cases. 

Summary. A bed-side test for the rapid 
serological diagnosis of tularemia is described. 
The test is performed mixing a droplet of 
a concentrated suspension of B. fularense 
with a droplet of whole blood taken from 
the ear or from the finger of the patient. 
The minimum agglutinative titer of the pa- 
tient’s serum must be 1:100 to be detected 
by the rapid test. The antigen may be used 
for screen tests with blood serum. 
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Some Pharmacological Properties of the Monoanilide of Aconitic Acid. 

R. hi. Featherstone and Emie K. Ventre. (Introduced by E. G. Gross). 
from Ihc Department of Fliarmacotogy, College of The State Vniicrsity of Iowa, 

Iowa City, and the Agricidtural Chemical Research Division, C. S. Department of Agriculture, 

Baton Rouge, La. 


The monoanilide of aconitic acid was pre- 
pared by one of us* from the cis anhydride 
according to the method of Nau, et al.^ This 
compound was one of a series of derivatives 
of aconitic acid which were being tested as 

Emil K. "Ventre. 

’ Ban, C. A., Brown, E. B., and Bailey, J. B., 
-I- C. S., 1925, 47, 2596. 


nonaqueous solvents for medicinal agents. 
The anilide group is attached to one of the 
carboxjd groups connected to the unsaturated 
carbon linkage. It was deemed of interest 
to compare the toxicity and the analgesic and 
antipyretic actions of this compound -n-ith 
those of acetanilide. 

Toxicity. Forty rats weighing approxi- 
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ANTIPYFCETIC ACTION 




itelv 200 2 each were used in determining 
> LD-o of the compound when administered 
suspension through a stomach tube Twen- 
of the rats were used in a preliminary 
-ies of experiments to learn the aPP™^*' 
r T D and the other 20 were divided 
jte LDso ana ^ ^ 3 jevels 

“ ?;k. 2d 4 2 The data 

sddOTt “he atsamptions that the 
Sicilies oi the Bonoanilide ol acomtic act 


and acetanilide are due primarily to the 
aniline in the molecules and that the 2 com- 
pounds have similar toxicities on a molecular 
basis. 

Analgesic Action in Dogs. Three dogs were 
oiven on different days oral doses of SO 
m<^/kg of the monoanilide of aconitic acid 
and 27.25 mgAs of acetanilide — amounts 
having equal weights of aniline. The rise 
in pain threshold was measured in each case 
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TABLE I. 
Toxicity. 


Compound 


Aniline % 

-Aniline g 

MniinaniUdc of .aconitic 



acid 

4.0 

37 

1.5 

Acetanilide 

2.42 

68 

1.6 


by the method of Hardy, et al.^ as adapted 
for use with animals. The data in Table II 
show that these 2 compounds in the doses 
given were essentially of equal efficiency in 
raising the pain threshold of dogs. 

TABLE II. 

-Analgesic -Action 

Rise in pain threshold 


ilonoanilide .Acetanilide 


Dog Xo. 

Beak rise. Time. Peak rise, 
% min % 

, Time, 
min 

1 

} 7 50 

20 

05 

2 

18 5.1 

IS 

00 

3 

17 GO 

10 

60 

2 Sollman, 

T. H., and Hanzlik, 

p. J., 

I'niida- 


mcii/nis of Experimental Pharmacology, 3. W. 
Stacey Co., San Francisco, 1939, 241. 

3 Hardy, J. D., Wolff, H. G., and Goodeil, H., 
J. Clin. Invest., 1940, 19, G49. 


Antipyretic Action in Rabbits. An eleva- 
tion in body temperature was produced in S 
rabbits by injecting intravenous!}' 1 cc of a 
preparation of killed Ebcrthella typhosa con- 
taining approximately 10' organisms/cc. 
Rectal temperatures were measured before 
the injection and at intervals afterward. 
Either the monoanilide of aconitic acid or 
acetanilide was administered orally to groups 
of rabbits after an elei'ation of 2-4 degrees 
in body temperature was noted, usually 2 
hours after the initial injection. The re- 
sultant decreases in temperature are compared 
in Fig. 1 with the temperatures of a group 
of rabbits given no drug. 

Summary. The monoanilide of aconitic 
acid appears to have no advantages over 
acetanilide as an analgesic or antipyretic 
agent. The activity of the monoanilide seems 
to be related to the aniline in the molecule, 
as is the case with acetanilide.’* No addi- 
tional pharmacological actions were noted 
which could be ascribed to the propene group 
of the aconitic acid. 

■« Michel, H. 0.. Bcrnheiin, F., and Bernheim, 
M. L. C., J. Pharm. and Exp. Thcrap,, 1937, 61, 
321. 
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Starch Reaction as Aid in Identification of Causative Agent of “European 

Blastomycosis.” 

J. Mager AND M, .‘\scHNER. (Introduced by B. Zondek). 

Prom the Department of Hygiene and Bacteriology, The Dchrcir Vniversity, .Ternsalcm. 


The clinical picture and symptomatology 
of “European Blastomycosis” (“Torulosis”) 
is variable, and unreliable as a basis of diag- 
nosis. The differentiation of the etiological 
agent is beset with difficulties, and its cul- 
tural and morphological resemblance to con- 
taminating non-pathogenic yeasts has given 
rise to much confusion in the literature of 
yeast infections. The diagnostic scheme out- 
lined below may be helpful in this connec- 
tion, especially to pathologists without train- 
ing in mycology, as it avoids the use of re- 
fined morphological criteria. 


While studying the biochemical properties 
of nonfermenting capsulated yeasts, we ob- 
served that a strain isolated from a case of 
torula-meningitis produces extracellular starch 
in special growth conditions.^ The amount 
of starch produced is considerable and can 
easily be detected macroscopically when a 
plate culture of the organism is flooded with 
Lugol's iodine solution. 

We have now extended our investigation 

1 Aschner, M., Mager, J,, and Lcibowitz, .L, 
Xature, 1945, 150, 293. 
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to 16 other strains of this pathogenic yeast 
and in all of them starch formation was ob- 
served in the growth conditions indicated 
below. The individual strains varied as to 
the intensity of starch production. In the 
majority of cases a positive reaction for 
starch could be obtained after 24 - 48 
hours of growth. In some strains the 
formation of starch was weaker and delayed 
for 5-8 days. A large collection of other 
yeast genera was tested and none of them 
exhibited the phenomenon of extracellular 
starch production. A substance which stains 
blue with iodine may be found in cultures 
of Schizosaccharomyces," but only intracel- 
lularly and in very limited amount. The 
production of extracellular starch seems to 
be specific for a group of nonfermenting 
capsulated yeasts of which Tonilopsis iteo- 
jonitans is a representative. This group in- 
cludes also nonpathogenic species'* which can, 
however, be differentiated by testing the 
growth optimum. Benham has shown, that 
whereas pathogenic Tonilopsis ncojormans 
{Cryptococcus liominis, according to Benham’s 
nomenclature) thrives at 37°C, nonpathogenic 
species of this group shoiv optimum growth 
at 30°C and poor or no growth at 37°C." 

In the light of these findings we arrive at 
the following method for the identification 
of Tonilopsis ncojormans: 

Yeasts isolated from cases suspected of 
blastomycosis should be transferred to a syn- 
thetic medium composed as follows: 


(NH4)2S0, 

ICH2PO4 

Glucose 

Tliianiine 

Agar-agar 


0 . 1 % 

0.05% 

0 . 1 % 

1 % 

0.2 ns per Dll 
2,5% 


Ammonium sulfate serves in this medium 
both as a source of nitrogen and as a regulator 


2Beijerinck, M. "VV., Centraniatt /. Bakt. u. 
J^arasitenh; 1897, 3, 449. 

SBenliam, E. W., /. Infect. Bis., 1935, 57, 2oo. 


of the acidity necessary for production of 
starch.^ 'Vitamins other than thiamine are 
not essential for cultivation of starch-produc- 
ing yeasts in synthetic media. 

After some days of incubation at 37°C, 
the plate is flooded with Lugol's iodine solu- 
tion, In positive cases the whole streak of 
growth usually turns a deep blue. If, how- 
ever, the amount of starch elaborated by the 
yeast is small, the reaction is perceptible only 
in isolated spots and after excess of iodine 
has disappeared. The extracellular character 
of the starch may be ascertained fay examining 
with iodine the color of the agar beneath a 
growth-streak after the cells are scraped off 
from the agar surface. An alternative method 
is to cultivate the yeast in a liquid medium 
(composed as above), where optimal growth 
can be obtained by aeration or continuous 
shaking. After the cells have been separated 
by centrifugation, the supernatant is tested 
for starch. 

According to our results, ability of ex- 
tracellular starch formation combined with 
unimpaired growth between 37” and 40‘’C 
are features characteristic enough to classify 
a nonfermenting yeast as Tonilopsis nco- 
jormans (Sanfelice) Lodder.^-** 

Summary. A method for the identification 
of Tonilopsis ncojormans (syn. Toritla 
histolytica, Cryptococcus hominis) is de- 
scribed. 

The method is based on the ability of this 
organism to produce extracellular starch in 
special growth conditions. 

IVc should like to express our thanks to Prof. 
Kluyvcr, Dr. Loddor, and Dr. Benham for their 
kindness in sending us a largo number of different 
yeast cultures. 

< Ladder, J., 1934, Bie Anascosporoffcnen Sefen, 
p. 152, Amsterdam. 

OLodder, J., Mycopathologia, 193S-9, 1, 62. 
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Histochemical Distribution of Alkaline Phosphatase in Dog Liver After 
Experimental Biliary Obstruction. 

iM. Wachstein and F. G. Zak. (Introduced bj' E. P. Pick). 

Front the LahoratoHcs of Mount Sinai Hospital, Xcw TorJ: City. 


Gomori'^ was the first to notice that the 
bile capillaries in the liver of some species 
showed marked phosphatase activity. The 
constant increase of serum alkaline phos- 
phatase after ligation of the bile ducts in 
the dog- and the fairly regular phosphatase 
activity of the bile capillaries in the dog 
liver suggested that a study be made of the 
behavior of alkaline phosphatase activity in 
the liver after ligation of the bile ducts. 

Material and Methods. In 9 mongrel dogs 
the common bile duct was ligated under 
nembutal anesthesia after an initial biopsy 
had been taken. In 2 acute experiments the 
cystic duct also was ligated. Serum phos- 
phatase activity was estimated with Bodan- 
sky’s method^ using a Leitz photocolorimeter. 
Gomori’s method^ as modified by Rabat and 
Furth® was used for the histochemical dem- 
onstration of alkaline phosphatase activity. 
Alternate sections were routinely incubated 
for 2 and 14 hours. When indicated, the 
incubation period was shortened to 30 and 
60 minutes. No counterstain was employed. 

Results. The changes in the dog liver after 
duct ligation as seen in slides stained with 
hematoxylin-eosin, were essentially similar to 
those previously described.®’'^ They consisted 
of hyperemia, atrophy of liver cells in the 

1 Gomori, G., J. Cell, and Comp. Physiol., 1941, 
17, 71. 

- Armslrong, A. K., King, E. F., and Harris, 
B. I., Canad. M. A. J., 1934, 31, 14. 

^ Bodansky, A., Am. J. Clin. Path., Teclin. Suppl., 
1937, 1, 51. 

■* Gomori, 6 ., Proc. Soc. Exp. Bion. and SEeb., 
1939, 42, 23. 

0 Kabat, E. A., and Eurtli, J., Am. J . Path., 
1941, 17, 303. 

® Ogata, T., Pcitr. Z. Path. Anat. u. Z. Allycm. 
Fathol., 1913, oo, 23G. 

" Hiyeda, D,, Scitr. Z. Path. Anat. n. Z. Allyem. 
Pathol., 1925, 73, 541. 


central fields, occurrence of bile thrombi, 
predominant!}' in the central fields and very 
occasional occurrence of small foci of necrosis. 
Bile pigment was seen in the liver cells mainly 
around central fields. Kupffer cells frequent- 
ly contained bile pigment. 

Normal Liver. (2-hour incubation). With 
the exception of bile capillaries and larger 
bile ducts, there was only very faint 
phosphatase activity in all other structures. 
The cytoplasm of the liver cells took on a 
faint grayish color. Most of the nuclei could 
be recognized due to some staining of the 
nuclear membrane and of the nucleoli. Only 
occasionally was there activity in the 
endothelium of the sinusoids near the peri- 
portal areas. Larger bile ducts in the 
periportal areas showed marked phosphatase 
activity. The bile capillaries were outlined 
as fine, black, lines sometimes showing a 
definite lumen (Fig. 1). They showed fre- 
quently, the well-known tortuous appearance. 
In some areas, they were seen between 2 
liver cell cords (trabecular), in others they 
formed networks apparently surrounding 
single liver cells. From the trabecular 
capillaries intercellular branches went off at 
various angles. On cross section, they ap- 
peared as small round black dots or circles. 
Very occasionally, the transition of a capil- 
lary into a bile duct could be seen. The 
activity of the bile capillaries was somewhat 
more distinct near the periportal fields than 
around central areas. There was, however, 
some variation in different livers. 

Normal Liver. { 14-hour incubation) . The 
staining of the cytoplasm and of the nuclei 
became more intense. The activity of the 
sinusoidal lining as well as of their nuclei 
became marked. Connective tissue cells and 
occasional mononuclear cells in the periportal 
fields showed also some activit}'. The in- 
tensification of the reaction was moderate in 
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to 16 other strains of this pathogenic yeast 
and in all of them starch formation was ob- 
served in the growth conditions indicated 
below. The individual strains varied as to 
the intensity of starch production. In the 
majority of cases a positive reaction for 
starch could be obtained after 24 - 48 
hours of growth. In some strains the 
formation of starch was weaker and delayed 
for 5-8 days. A large collection of other 
yeast genera was tested and none of them 
exhibited the phenomenon of extracellular 
starch production. A substance which stains 
blue with iodine may be found in cultures 
of Schizosaccharomyces,- but only intracel- 
lularty and in very limited amount. The 
production of extracellular starch seems to 
be specific for a group of nonfermenting 
capsulated yeasts of which Torulopsis neo- 
]ormam is a representative. This group in- 
cludes also nonpathogenic species-'* which can, 
however, be differentiated by testing the 
growth optimum. Benham has shown, that 
whereas pathogenic Torulopsis neoformans 
{Cryptococcus hominis, according to Benham’s 
nomenclature) thrives at 37°C, nonpathogenic 
species of this group show optimum growth 
at 30°C and poor or no growth at 37'^C.- 

In the light of these findings we arrive at 
the following method for the identification 
of Torulopsis neoformans: 

Yeasts isolated from cases suspected of 
blastomycosis should be transferred to a syn- 
thetic medium composed as follows: 


(NH4)2S0^ 

MgSO^ 

KH^POj 

Glucose 

Tliiamine 

Agar-.ngar 


0 . 1 % 

0.05% 

0 . 1 % 

1 % 

0.2 iig per ml 
2.5% 


Ammonium sulfate serves in this medium 
both as a source of nitrogen and as a regulator 


SBeijerinck, M. W., Centraimatt /. BaU. u. 
Parasiteiik., 1897, 3, 419. 

SBenliam, K. W., Infect. Dis., 193o, 57, 2oo. 


of the acidity necessary for production of 
starch.^ Vitamins other than thiamine are 
not essential for cultivation of starch-produc- 
ing yeasts in synthetic media. 

After some days of incubation at 37°C, 
the plate is flooded with Lugol’s iodine solu- 
tion. In positive cases the whole streak of 
growth usually turns a deep blue. If, how- 
ever, the amount of starch elaborated by the 
yeast is small, the reaction is perceptible only 
in isolated spots and after excess of iodine 
has disappeared. The extracellular character 
of the starch may be ascertained by examining 
with iodine the color of the agar beneath a 
growth-streak after the cells are scraped off 
from the agar surface. An alternative method 
is to cultivate the yeast in a liquid medium 
(composed as above), where optimal groivth 
can be obtained by aeration or continuous 
shaking. After the cells have been separated 
by centrifugation, the supernatant is tested 
for starch. 

According to our results, ability of ex- 
tracellular starch formation combined with 
unimpaired growth between 37° and 40°C 
are features characteristic enough to classify 
a nonfermenting yeast as Torulopsis neo- 
jormans (Sanfelice) Lodder.-*’'* 

Summary. A method for the identification 
of Tor7ilopsis neoformans (syn. Torula 
histolytica, Cryptococctis hominis) is de- 
scribed. 

The method is based on the ability of this 
organism to produce extracellular starch in 
special growth conditions. 

We should like to express our thanks to Prof. 
Kluyver, Dr. Dodder, and Dr. Benham for their 
kindness in sending us a large number of different 
yeast cultures. 


•1 Dodder, J., 1934, Vie Anascosporogenen Befen, 
p. 152, Amsterdam. 

3 Dodder, J., Mycopatliotogia, 1938-9, 1, C2. 
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Histochemical Distribution of Alkaline Phosphatase in Dog Liver After 
Experimental Biliary Obstruction. 

2^1. Wachstein and F. G. Zak. (Introduced by E. P. Pick). 

From ihc Lahoraiorics of Mount Sinai Bospitai, Xcw Tori- City. 


Gomori^ was the first to notice that the 
bile capillaries in the liver of some species 
showed marked phosphatase activity. The 
constant increase of serum alkaline phos- 
phatase after ligation of the bile ducts in 
the dog- and the fairl}' regular phosphatase 
activity of the bile capillaries in the dog 
liver suggested that a study be made of the 
behavior of alkaline phosphatase activity in 
the liver after ligation of the bile ducts. 

Material and Methods. In 9 mongrel dogs 
the common bile duct was ligated under 
nembutal anesthesia after an initial biopsy 
had been taken. In 2 acute e.vperiments the 
cystic duct also was ligated. Serum phos- 
phatase activity was estimated with Bodan- 
sky’s method® using a Leitz photocolorimeter. 
Gomori’s method^ as modified by Kabat and 
Furth® was used for the histochemical dem- 
onstration of alkaline phosphatase activity. 
Alternate sections were routinely incubated 
for 2 and 14 hours. When indicated, the 
incubation period was shortened to 30 and 
60 minutes. No counterstain was employed. 

Restdts. The changes in the dog liver after 
duct ligation as seen in slides stained with 
bematosylin-eosin, were essentially similar to 
those previously described.®’’^ They consisted 
of h3'peremia, atrophy of liver cells in the 

1 Gomori, G., J. Cell, and Comp. Physiol., 1941, 
17, 71. 

-Armstrong, A. E., King, E. F., and Harris, 
S. I., Canad. M. A. J., 1934, SI, 14. 

^ Bodansky, A., Am. J. Clin. Path., Teclin. Suppl., 
1937, 1, 51. 

■< Gomori, G., Pkoc. .Soc. Exp. Biol. .\xd IIed., 
1939, 42, 23. 

® Kabat, E. A., and Furtb, J., Am. J. Path., 
1941, 17, 303. 

9 Ogata, T., Beitr. Z. Path. Anat. u. Z. Allgem. 
Pathol., 1913, 55, 236. 

‘ Hiyeda, D., Beitr. Z. Path. Anat. i;. Z. Allgem. 
Pathol, 1925, 73, 541, 


central fields, occurrence of bile thrombi, 
predominantly in the central fields and very 
occasional occurrence of small foci of necrosis. 
Bile pigment was seen in the liver cells mainly 
around central fields. Kupffer cells frequent- 
ly contained bile pigment. 

Normal Liver. (2-hour incubation). With 
the exception of bile capillaries and larger 
bile ducts, there was only very faint 
phosphatase activit}' in all other structures. 
The cytoplasm of the liver cells took on a 
faint grayish color. Alost of the nuclei could 
be recognized due to some staining of the 
nuclear membrane and of the nucleoli. Onl 3 ’’ 
occasionally was there activity in the 
endothelium of the sinusoids near the peri- 
portal areas. Larger bile ducts in the 
periportal areas showed marked phosphatase 
activity. The bile capillaries were outlined 
as fine, black, lines sometimes showing a 
definite lumen (Fig. 1). Thej'' showed fre- 
quently, the well-knov\Ti tortuous appearance. 
In some areas, the)"^ were seen between 2 
liver cell cords (trabecular), in others they 
formed networks apparently surrounding 
single liver cells. From the trabecular 
capillaries intercellular branches went off at 
various angles. On cross section, thej'^ ap- 
peared as small round black dots or circles. 
Very occasionally, the transition of a capil- 
larj"^ into a bile duct could be seen. The 
activity of the bile capillaries was somewhat 
more distinct near the periportal fields than 
around central areas. There was, however, 
some variation in different livers. 

Normal Liver. ( 14-hour incubation) . The 
staining of the cj'toplasm and of the nuclei 
became more intense. The activity of the 
sinusoidal lining as well as of their nuclei 
became marked. Connective tissue cells and 
occasional mononuclear cells in the periportal 
fields showed also some activity. The in- 
tensification of the reaction was moderate in 
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Alkaline phosphatase activity in tlic norniaTdL 
staining. Incubation in tlie substrate mixture for^2 hrs! 


capillaries shoiv prominent 

X 800, 


some, quite marked in other livers. In the 
latter group, the bile capillaries also showed 
stronger staining and occasionally their out- 
line became hazy. The concomitant stain- 
ing of the other structures made the activity 
of the bile capillaries less conspicuous. 

E§ eel oj Duct Ligation. (3-4 days). Two 
dogs died after 3-4 days because of e.\-tensive 
wound infection. One was killed 4 days 
after ligation. This dog showed a rise of 
blood serum phosphatase from 2.4 to 43.2 
units. In sections incubated for 2 hours a 
considerable number of bile capillaries were 
wider than normal. Some showed a hazy 
outline. There was some increase in cyto- 
plasmic phosphatase. After longer incubation, 
this increase became more striking and the 
cytoplasm showed many fine, black granules. 
The 2 dogs that died showed very marked 
dilatation of the bile capillaries which were 
considerably \ridened and not clearly de- 
marcated, from the surrounding cytoplasm. In 
addition, considerable increase in cytoplasmic 
activity was seen. 

One Week. One dog was killed after 8 
days. Serum phosphatase rose from 1.1 to 
47.6 units. In sections incubated for 2 hours, 
there was very marked dilatation of the bile 
capillaries which stood out much clearer than 


in the biopsy. lAIany of these showed a dis- 
tinct lumen. The demarcation from the 
cytoplasm was not sharp in a large number 
of these capillaries. The cytoplasm showed 
increase in activity somewhat more pronounced 
around the periportal fields. The bile ducts 
in the periportal fields showed marked in- 
crease in activity and their lumen was filled 
by intensely dark staining material. After 
longer incubation, the reaction became so in- 
tense that the structures could hardly be 
differentiated. 

Two Weeks. Two dogs were killed after 
2 weeks. In one the serum phosphatase rose 
from 1 to 36 units. In this dog, dilatation 
of the bile capillaries occurred predominantly 
at the periportal fields. The second dog showed 
very widespread dilatation of the bile capil- 
laries. While some of them still showed 
their clear outline, many became verj'' ir- 
regularly demarcated and hazy. The in- 
crease in cytoplasmic activity was ver^’’ con- 
spicuous. 

TItree Weeks. One dog was killed 3 weeks 
after ligation. His initial serum phosphatase 
of 1.4 units rose to 27.6 units in 8 days, and 
to 32.2 units in 14 days. The increase in 
phosphatase activity was so intense that sec- 
tions incubated longer than one hour could 
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Fig. 2. 

Alkaline phosphatase activity in tlie liver of a dog, 3 weeks after ligation of the common 
bile duct. Conspicuous widening of many bile capillaries. Incubation in the substrate mixture 
for 30 minutes. X800. 


not be used. Widening of the bile capillaries 
was e.\'treniely marked in many areas (Fig. 2). 
It appeared as if large amounts of phosphatase 
were accumulated in liver cells near the bile 
capillaries. In this way, the width of the bile 
capillaries, on cross section, appeared to be 
4 to 5 times larger than normal. Occasionally, 
a lumen could be made out. In contrast to 
the conspicuous changes in many of the 
capillaries, some were of fairly normal ap- 
pearance. 

Acute Experiments. In 2 dogs after initial 
biopsy, the cystic and common ducts were 
ligated and biopsies were taken after 30, 60, 
90, and 120 minutes. No changes were seen 
in serum phosphatase in one of the dogs in 
which this examination was carried out. After 
one hour the bile capillaries stood out some- 
what more distinctly and showed occasional 
light dilatation. There was also a very slight 
increase in cytoplasmic activity. 

Comment. The source of the increased 
amount of alkaline serum phosphatase which 
occurs in obstructive and to a lesser degree 
in parenchymatous jaundice is still contro- 
versial. 

The accumulation of phosphatase around 
bile capillaries is in marked contrast to the 


diffuse increase of enzymatic activity w’hich 
occurs in the liver of protein depleted mice 
and rats and to a lesser degree in starva- 
tion.® It can best be interpreted as retention 
of alkaline phosphatase in liver cells caused 
by external obstruction. No significant in- 
crease in alkaline phosphatase activity is 
seen, on the other hand, in necrotic liver 
cells.® The behavior of the histochemicall}' 
demonstrable phosphatase activity under 
various e.xperimental conditions therefore, 
supports the opinion of those w’ho be]ieve®40 
that the increase of serum phosphatase in 
liver damage is due to disturbed excretion 
but not to increased production of alkaline 
phosphatase in the liver cells.^^ 

Summery. Bile capillaries show distinct 
phosphatase activity in the normal dog liver. 
This property can be used for their micro- 
scopic demonstration. After ligation of, the 
common bile duct there is not only marked 

sWacbstein, M., Arch. Faih., 1945, 40, 57. 

0 Armstrong, A. E., and Banting, F. G., Canad. 
it. A. J., 1935, S3, 243. 

w Haddock, S,, Sclimidt, G., and Tliannhouscr,. 
S. F., Federation Proc., 1942, 1, 181. 

ilBodansky, .A., Encymologia, 1937, 3, 25Sj 
Peoc. .Soc. Exp. Biol, axd JIed., 1939, 42, 800. 
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dilatation of the bile capillaries but also ap- 
position of phosphatase around them which 
increases mth the duration of the experiment. 
The changes in the distribution of alkaline 
phosphatase in histochemical preparations 


favor the assumption that the increase of 
serum phosphatase in' liver damage is due 
to the inability of the liver cells to e.xcrete 
the enzyme rather than to increased produc- 
tion in the liver itself. 
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The effect of DDT (2, 2 bis(p-chloro- 
phenyl)-l,l,l-trich]oroethane) on the volun- 
tary neuromuscular apparatus in the living, 
intact animal is unknown. Lewis and Rich- 
ards^ state that DDT does not affect the 
growth of various cells in 7- to 8-day chick 
embryos and in a 1-day rat in hanging drop 
cultures. They are unable to explain the 
apparent paradox of the toxicity of DDT to 
intact, living animals and its non-toxicity on 
their isolated cells in hanging drop cultures. 
Yeager and Munson- have presented physi- 
ological evidence for a possible site of action 
of DDT in bringing about repetitive dis- 
charges of nerve impulses into the muscles 
of the roach, Penplaneta amerkana, which in- 
dicates that the site (or sites) referred to is 
that region of a nerve which lies between 
the origin of its fibers in the ventral nerve 
cord and the termination of its fibers in the 
leg, exclusive of the origin and the endings, 
that is, the myoneural junctions. Their re- 
sults suggest that DDT can act more readily 
on motor than on sensory nerves and, further, 
that , DDT stimulates motor nerves some- 
where along their course between the cells 


* Aided by a gr.ant from The National Founda- 
tion for Infantile Par.alysis, Inc., and the Baruch 
Committee on Physical Medicine. 

1 Lems, W. H., and Eichards, A. G., Jr., Scieuce, 
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of origin in the ventral nerve cord and the 
nerve endings in muscle. 

The peripheral effects of DDT on the liv- 
ing, nerve-intact muscle, nevertheless, are 
visibly evident in chameleons and rats, in 
the persistent, involuntary', clonic contrac- 
tions and occasional epileptoid convulsions 
and violent tremors of the entire voluntary 
musculature until conjpJete flaccid or spastic 
paralysis and death occur. The purpose of 
this paper, therefore, is to demonstrate the 
striking morphologic changes observed in 
the voluntary' neuromuscular apparatus of 
chameleons and rats during the transmission 
of a quantitative increase of neurogenic sub- 
stances into the my'oplasm of some muscle 
fibers affected by' DDT. 

Methods. A quick-killing emulsion^ was 
prepared which contained 1% DDT, 8% olive 
oil, Ifo gum arable, and 90^ Locke’s solu- 
tion; 2 cc of this emulsion was injected in- 
traperitoneally' into 48 white rats fMiis 
norvegicus), average weight 250 g, and 0.1 cc 
into 100 summer pseudo-chameleons (Anolis 
caroUniensis), average weight 3 to 8 g. Eight 
rats were selected at 12-hour intervals after 
the injection of DDT for microscopic study 
of the gastrocnemius muscle, sciatic nerve, 
and spinal cord. Various histologic technics 
ivere employed for the study' of Nissl sub- 
stance, my'elin sheath, axis cylinders, motor 
end plates, and liposomes in muscle. Ten 
chameleons were selected also, but at 2-hour 
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intervals after the injection of DDT because 
of the more rapid action of DDT in the 
chameleon than in the rat. The same micro- 
technics were employed to study the muscles, 
peripheral nerves, and spinal cords of the 
chameleons as in the rat. 

The lower e.\-tremities in 10 chameleons 
were quicklj'- skinned and then immersed 
vertically in Locke’s solution, S0°C, for 10 
seconds. The muscles of the lower extremi- 
ties, immediately upon immersion, manifested 
heat rigor. After immersion, the muscles were 
quickly e.xcised and prepared for microscopic 
study. The bloodless muscles of the lower 
extremities from 10 DDT rats w'cre excised 
after the muscles were perfused, through the 
arch of the aorta, with physiological salt 
solution until clear fluid poured out of an 
incision in the right auricle of the heart. The 
muscles were dehydrated in vacuo and fed 
to 10 rats. Seven of the 10 rats manifested 
DDT toxicity within 3 days. Two hundred 
fifty mg of dehydrated and triturated muscle, 
previously perfused, from rats killed with 
DDT, were suspended in 10 cc of olive oil. 
Five-tenths of one cc of this suspension were 
injected intraperitoneally into each of 20 
chameleons. Fourteen manifested DDT 
to.xicity within 48 hours and 6 w’ere unaffected. 
The muscles, peripheral nerves, and spinal 
cord from 10 normal white rats and 10 
chameleons quickly killed bj^ ether were e.x- 
cised, subjected to the microscopic methods 
of preparation enumerated above, and used 
as controls. The microscopic observations 
reported in this paper will be confined domi- 
nantly to those demonstrated by the gold 
technic previously described.® 

Tests were made in vitro, ofc, the chemical 
reactions of 1% gold chloride with 1% acetyl- 
choline chloride, and of 1% gold chloride 
with \Jc choline chloride. Precipitates of 
acetylcholine aurichloride and choline auri- 
chloride, respectively, were formed.'* When 
this reaction occurred in capillary glass tubes 
with an inside diameter of 100 y., evanescent 
cross striations of periodic precipitation 
formed, w'hich subsequentlj' disappeared in a 

3 Carey, E. J., Anai. Ecc., 1941, 81, 393; Am. J. 

1942, 18, 237. 

■* Loach, J, Y., J. puysiol., 1934, 82, 118. 


uniform diffusion of granules. One percent 
osmic acid formed a precipitate both wdth 
1% acet 3 'lcholine chloride and 1% choline 
chloride. One percent gold chloride also pro- 
duced a precipitate with 1% alcoholic solu- 
tion in each of the following : oleic, palmitic, 
and stearic acids. There w’as likewise an 
interaction between gold chloride and lecithin, 
and a very strong interaction in the reduc- 
tion of gold bj" 1% ascorbic acid and by 1% 
thiamine hydrochloride. 

Results. After the intraperitoneal injec- 
tion of DDT in the rat, death occurred within 
12 to 72 hours, and in the chameleon wdthin 
6 to 24 hours. Forty-one of the 50 rats 
had definite chromodacrjmrrhea due to over- 
stimulation of the harderian glands which 
secreted the red-brown porph^win pigment. 
This was comparable to the toxic effects of 
acetylcholine. All the rats had intense saliva- 
tion, involuntary passage of feces and urine, 
and clonic, involuntary contractions and 
tremors of the voluntary muscle, which were 
the usual phj^sical manifestations of toxicity 
due to DDT in the rat. In the chameleon 
the pigmentation of the skin usually changed 
from green to dark browm, and there w'ere 
persistent, intermittent contractions of the 
voluntary muscles. When the chameleons in 
the terminal stages of DDT toxicity were 
skinned, there w’as a continuation of inter- 
mittent and incoordinate muscle action that 
resembled both fibrillation and fasciculation 
of dener\'ated muscle. This was likewise ob- 
served in isolated muscles for 10-20 minutes 
after e.xcision at 22°C. 

The salient microscopic morphologic changes 
in 0.5% to 15% of the motor innervations 
in 100 rat and 200 chameleon gastrocnemius 
muscles after to.xicity with DDT (Fig. 2, 
3, and 6), in contrast to the normal control 
muscles (Fig. 1, 4, and 5) in the teased 
whole muscle fibers and cross sections, w’ere 
the following; (1) progressive depletion of 
some epilemmal axons of auriphilic substance 
and demj'dinization of some peripheral 
nerves; (2) centrifugal discharge from the 
motor end plate of these auriphilic neurosomes 
into the myoplasm either as elongated stream- 
ers, serial beads, or large elongated masses; 
(3) the appearance of this auriphilic 
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dilatation of the bile capillaries but also ap- 
position of phosphatase around them which 
increases with the duration of the experiment. 
The changes in the distribution of alkaline 
phosphatase in histochemical preparations 


favor the assumption that the increase of 
serum phosphatase in liver damage is due 
to the inability of the liver cells to e.xcrete 
the enz 3 'me rather than to increased produc- 
tion in the liver itself. 
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The effect of DDT (2, 2 bis(p-chloro- 
phenyl)-l,l,l-trichlorQethane) on the volun- 
tary neuromuscular apparatus in the living, 
intact animal is unknown. Lewis and Rich- 
ards^ state that DDT does not affect the 
growth of various cells in 7- to 8-day chick 
embryos and in a 1-day rat in hanging drop 
cultures. They are unable to explain the 
apparent paradox of the toxicity of DDT to 
intact, living animals and its non-toxicity on 
their isolated cells in hanging drop cultures. 
Yeager and Munson- have presented physi- 
ological evidence for a possible site of action 
of DDT in bringing about repetitive dis- 
of nerve impulses into the muscles 
of the roach, Periplaneta americana, which in- 
dicates that the site (or sites) referred to is 
that region of a nerve which lies between 
the origin of its fibers in the ventral nerve 
cord and the termination of its fibers in the 
le'J exclusive of the origin and the endings, 
that is, the myoneural junctions. Their re- 
sults suggest that DDT can act more readily 
on motor than on sensory nerves and, further, 
that DDT stimulates motor nerves some- 
where along their course between the cells 
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of origin in the ventral nerve cord and the 
nerve endings in muscle. 

The peripheral effects of DDT on the liv- 
ing, nerve-intact muscle, nevertheless, are 
visibly evident in chameleons and rats, in 
the persistent, involuntary, clonic contrac- 
tions and occasional epileptoid convulsions 
and violent tremors of the entire voluntary 
musculature until complete flaccid or spastic 
paralysis and death occur. The purpose of 
this paper, therefore, is to demonstrate the 
striking morphologic changes observed in 
the voluntary neuromuscular apparatus of 
chameleons and rats during the transmission 
of a quantitative increase of neurogenic sub- 
stances into the myoplasm of some muscle 
fibers affected by DDT. 

Methods. A quick-killing emulsion^ rvas 
prepared which contained \ fo DDT, 8^ olive 
oil, 1% gum arabic, and 90% Locke’s solu- 
tion; 2 cc of this emulsion was injected in- 
traperitoneally into 48 white rats (Mtts 
uorvegievs), average weight 250 g, and 0.1 cc 
into 100 summer pseudo-chameleons (Anolis 
caroUniensis ), average weight 3 to 8 g. Eight 
rats were selected at 12-hour intervals after 
the injection of DDT for microscopic study 
of the gastrocnemius muscle, sciatic nerve, 
and spinal cord. Various histologic technics 
were emploj^ed for the study of Nissl sub- 
stance, myelin sheath, axis cylinders, motor 
end plates, and liposomes in muscle. Ten 
chameleons were selected also, but at 2-hour 
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intervals after the injection of DDT because 
of the more rapid action of DDT in the 
chameleon than in the rat. The same micro- 
technics were employed to study the muscles, 
peripheral nerves, and spinal cords of the 
chameleons as in the rat. 

The lower e.vtremities in 10 chameleons 
were quickly skinned and then immersed 
vertically in Locke’s solution, SO'C, for 10 
seconds. The muscles of the lower e.\-fremi' 
ties, immediately upon immersion, manifested 
heat rigor. After immersion, the muscles were 
quickly e.vcised and prepared for microscopic 
study. The bloodless muscles of the lower 
e.vtremities from 10 DDT rats were excised 
after the muscles ivere perfused, through the 
arch of the aorta, with phi^siological salt 
solution until clear fluid poured out of an 
incision in the right auricle of the heart. The 
muscles ivere dehydrated in vacuo and fed 
to 10 rats. Seven of the 10 rats manifested 
DDT to.xicity within 3 daj's. Two hundred 
fifty rag of dehydrated and triturated muscle, 
previous!)- perfused, from rats killed with 
DDT, were suspended in 10 cc of olive oil. 
Hye-tenths of one cc of this suspension were 
injected intraperitoneally into each of 20 
chameleons. Fourteen manifested DDT 
toxicity within 48 hours and 6 were unaffected. 
The muscles, peripheral nerves, and spinal 
cord from 10 normal white rats and 10 
chameleons quickly killed by ether were ex- 
cised, subjected to the microscopic methods 
nf preparation enumerated above, and used 
as controls. The microscopic obserx-ations 
reported in this paper w-ill be confined domi- 
nantly to those demonstrated by the gold 
technic previously described.® 

Tests were made in vitro, oL'the chemical 
reactions of 1 ^ gold chloride with 1 ’fo acetyl- 
choline chloride, and of l^o gold chloride 
"ith 1% choline chloride. Precipitates of 
acetylcholine aurichloride and choline auri- 
c loride, respectiv-ely, were formed."* \^'hen 
k reaction occurred in capillary glass tubes 
"'th an inside diameter of 100 /i, ex-anescent 
croas striations of periodic precipitation 
^med, xx-h ich subsequently disappeared in a 
“ Carey, E. 393; Am. J. 

1942 , 18 , 237 . 

*Uae)i, J. j 1934^ S2, IIS. 


uniform diffusion of granules. One percent 
osmic acid formed a precipitate both xx'ith 
1% acetylcholine chloride and Ifo choline 
chloride. One percent gold chloride also pro- 
duced a precipitate with 1% alcoholic solu- 
tion in each of the following: oleic, palmitic, 
and stearic acids. There w’as likewise an 
interaction between gold chloride and lecithin, 
and a very strong interaction in the reduc- 
tion of gold by 1% ascorbic acid and bx- 1% 
thiamine hydrochloride. 

Results. After the intraperitoneal injec- 
tion of DDT in the rat, death occurred within 
12 to 72 hours, and in the chameleon within 
6 to 24 hours. Fortj--one of the 50 rats 
had definite chromodacryorrhea due to over- 
stimulation of the harderian glands which 
secreted the red-brown porphyrin pigment. 
This was comparable to the toxic effects of 
acetylcholine. .411 the rats had intense saliva- 
tion, inx'oluntary passage of feces and urine, 
and clonic, involuntarj' contractions and 
tremors of the voluntary muscle, which were 
the usual physical manifestations of toxicity 
due to DDT in the rat. In the chameleon 
the pigmentation of the skin usually changed 
from green to dark brown, and there were 
persistent, intermittent contractions of the 
x'oluntary muscles. When the chameleons in 
the terminal stages of DDT toxicity were 
skinned, there was a continuation of inter- 
mittent and incoordinate muscle action that 
resembled both fibrillation and fasciculation 
of denervated muscle. This was likewise ob- 
served in isolated muscles for 10-20 minutes 
after excision at 22 °C. 

The salient microscopic morphologic changes 
in 0.5% to 15% of the motor innerx-ations 
in 100 rat and 200 chameleon gastrocnemius 
muscles after to.xicity with DDT (Fig. 2, 
3, and 6), in contrast to the normal control 
muscles (Fig. 1, 4, and 5) in the teased 
whole muscle fibers and cross sections, were 
the folloxx-ing: (1) progressix-e depletion of 
some epilemmal axons of auriphilic substance 
and demyelinization of some peripheral 
nerx-es; (2) centrifugal discharge from the 
motor end plate of these auriphilic neurosomes 
into the myoplasm either as elongated stream- 
ers, serial beads, or large elongated masses; 
(3) the appearance of this auriphilic 
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neurogenic substance in the myoplasm of the 
muscle fiber by jet-pump action from, and 
in anatomical continuity with, the motor end 
plate (Fig. 2 and 3); (4) the subsarcolemmal 
position of the agglutinated islands of aug- 
mented auriphilic substance, seen in whole 
teased muscle fibers (Fig. 3) and in the cross 
sections (Fig. 6); (5) an acute atrophy oc- 
curring in some muscle fibers affected by 
DDT (Fig. 6); (6) disappearance of the 
motor end plates in 10% to 30% of the 
biopsied gastrocnemius muscles, from 10 
chameleons and 10 rats, during the terminal 
stage of DDT paralysis. 

There was an acute atrophy of the muscle 
fibers in some places. In some muscle fibers 
dispersion of the granules was lost completely. 
The granules were agglutinated in large 
masses in localized spots in some muscle 
fibers; and this was comparable to the loss 
of granules in some parts and aggregation in 
other parts of the specific granular muscle 
fiber observed 10-18 days after denervation,® 
and after 12 days of total starvation,® ex- 
cept water, in the rat. In these denervated 
gastrocnemius muscles the fine neurosomic 
granules of Kuhne disappeared around the 
degenerated nerve endings about the 72nd 
hour after section of the sciatic nerve. There 
were, however, centrifugal discharges of large, 
coarse granules into the muscle from the 
greatly altered nerve terminals, until the 
distal stump of nerve was depleted of de- 
generated axonic and myelin substances. This 
final depletion stage of the distal stump of 
the sectioned nerve varied in individual rats 
from 10 to 18 days. The specific structure 
and dispersal of granules, therefore, in the 
dark muscle fibers appeared to depend upon 
the intact nerve endings and normal function 
of the innervation of muscle. 

In the normal muscle fiber of the chameleon 
there was variation in the distribution of 
the granular and agranular muscle fibers. 
The agranular muscle fibers were increased 
in number by heat rigor of short duration 
produced by submerging the skinned chame- 


s Carey, E. J-, Massopust, E. C,, Hauslialter, E., 
Sweeney, J., Saribalia, C., and Baggio, X, Jm. J. 
in press. 

0 Carey, E. X, Anai. Sec., 1942, 8-, 403. 


Icon in Locke’s solution for 10 seconds at 
SO^C. The agranular fibers produced by 
this short duration of heat rigor were com- 
parable to the normal agranular fibers (Fig. 
5). In heat rigor 90% to 96% of the muscle 
fibers were agranular, whereas in the normal 
only 40% to 75% were agranular, 20% to 
58% finely granular, and only 2% to 5% 
coarsely granular. This differential count was 
based on the observations of 2000 fibers in 
each of 20 gastrocnemius muscles from 10 
chameleons; a total of 40,000 fibers. Al- 
though the muscle fibers with greatest di- 
ameter were usually pale and agranular, this 
was not an invariable finding. In the win- 
ter animal there was a number of pale fibers 
with very fine granules, or agranular, that 
possessed small fiber diameters. Some other 
medium-sized muscle fibers of the dark type 
were packed with coarse granules. The nor- 
mal granules of the muscle fibers varied in 
diameter from 0.2 to 10 fi. 

Some of the auriphilic granules formed 
elongated bipolar streamers in relation to the 
muscle nuclei. The granules in the muscle 
fiber, therefore, were dual in origin: (1) 
neurosomes discharged from their motor 
nerve endings and diffused in the myoplasm; 
and (2) granules discharged from the 2 ter- 
minal poles of each of the multiple elongated 
nuclei in the protoplasm of the muscle. In 
some places the granules related to the muscle 
nuclei and the neurosomes continuous with 
the nerve endings appeared to intermingle and 
coalesce to form one elongated granular mass. 
There were many nuclei located in the center 
of the granular fibers whereas most of the 
nuclei were located under the sarcolemma in 
the agranular muscle fibers. 

The abnormal auriphilic masses of neu- 
rogenic substance produced by DDT were 
sometimes as long as 450 ft and had in some 
places (Fig. 3 and 6) a diameter of 50 fi. 
The normal granules and the abnormal masses 
of auriphilic neurogenic substance were in- 
constant in their refractive properties, size, 
shape, number, and capacity to react to gold, 
silver, methylene blue, osmic acid, Sudan III 
and IV, Sudan black, and alkaline scarlet 
red. The part of a muscle fiber depleted of 
its gold staining substance was definitely 
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agranular when there was an aggregation of 
this substance produced by DDT in another 
part of the same fiber. The massive ag- 
gregation of auriphilic substance in the myo- 
plasm of the voluntary muscle fiber was in 
anatomic continuity in manj^ instances with 
the auriphilic substance of the hj'polemmal 
and epilemmal axons undergoing depletion by 
the action of DDT. That at least some of 
the auriphilic masses were neurogenic in ori- 
gin is proved by the following microscopic 
evidence; (1) there is frequently a continu- 
ous anatomic relationship between this 
auriphilic substance in the muscle and the 
nerve ending; (2) there is a similarity of 
reaction of this substance in nerve and muscle 
with gold; (3) there is an excessive and mas- 
swe accumulation of this auriphilic substance 
in muscle parallel with the e.xhaustion of the 
nen'e supply of its auriphilic substance. 

Discussion. The mechanism of production 
of the granular and agranular muscle fibers 
is still unknown. This fact has been pointed 
out in the relatively recent excellent reviews 
and observations by Cobb," Needham,® 
Hines,® Hinsey,^® Denny-Broivn,^^ and Tow- 
er.‘® The histologist uses various synonyms 
dependent upon observations made on fresh 
muscle or on those made after chemical altera- 
tion by fixatives and staining reactions for 
the “granular and agranular” muscle fibers, 
respectively, as follows: “dark and light or 
pale,” “opaque and clear,” “plasmic and 
aplasmic,” “red and white,” muscle fibers. 
Griitzner^® stated that all granular muscle 
fibers are red muscle fibers and that the 
agranular are white muscle fibers. Starling'* 
claimed that all striated muscles of higher 
vertebrates are microscopically mixed muscles 

‘ Cobb, S., Physiol. Pev., 1925, 5, 518. 

sXeedliam, D. JI., Physiol. Scv., 192G, C, 1. 

» Hines, M., Quart. Pev. Biol., 1927, 3, 149. 

*0 Hinsey, J. C., J. Comp. Xcurol., 1927, 44, 87 ; 
Physiol. Pcv., 1934, 14, 514. 

'I Denny-Brown, D. E., Poy. Soc. London, Proc., 
Series B, 1929, 104, 371. 

12 Tower, S. S., Physiol. Pcv., 1939, 10, 1. 

12 Griitzner, P., Pfliiger’s Arch., 1887, 41, 256. 

11 Starling E. H., Principles of Human Physi- 
5tli ed., edited and revised bj' C. Lovatt 
Evans, Lea & Pebigcr, Phil., 1930, p. 139. 


and contain both red and white types of muscle 
fibers. It was demonstrated by Knoll'® that 
the granules in the small muscle fiber can 
be stained with osmic acid and gold. 
Kolliker,'® Albrecht,'" and Bell,'® identified 
these granules as lipoid in nature, basing 
their identification on reactions with osmic 
acid and fat stains such as Sudan III and 
scarlet red. However, we present evidence 
in this paper that choline and acetylcholine 
likewise react strongly w'ith both osmic acid 
and gold chloride. 

Krause'® stated that the small granular 
muscle fiber was a young form that eventual- 
ly grew into the adult large agranular fiber. 
Bonhoffer®® studied the same muscle at dif- 
ferent ages and found the distribution of 
the granular and agranular fibers was about 
the same at different periods in development. 
Schaffer®' reported that the arrangement of 
the coarse myofibrils was without order in 
the granular fiber whereas there was more 
regularity in the distribution of the fine 
myofibrils in the agranular fiber into so- 
called areas of Cohnheim, in cross sections, 
or columns of Kblliker, in longitudinal sec- 
tions. The so-called sarcoplasm was greater 
in red granular fibers than in white agranular 
muscle fibers according to Schaffer. 

Experimental evidence is presented here 
W'hich supports the assumption that there is 
a periodic shift in the location of the muscle 
nuclei in relation with the phase of the cycle 
of metabolism stopped by gold impregnation. 

Knoll, P., Z. f. Bcilh., Berlin, 1880-81, 1, S. 
255; Denhschr. d. k. AJ:ad. d. TTissensch. Wien. 
Math. Xaiurw. Kl., IVien, 1891, 58. 

1® Kolliker, A., Z. f. TTissensch. Zool., Leipzig, 
1857, 8, 311; ihid., 1888, 47, S. 689. 

1‘ Albrecht, E., Deutsche, path. Gcscllsch., 1902, 
5, S. 7 ; ihid., 1903, G, S. 63; Ergeb. der allg. Path. 
«. Path. Anat., 1907, 11, Abtli. 2, S. 1166. 

18 Bell, E. T., Anat. Pcc., 1910, 4, 199; Internat. 
ilonatsch. f. Anat. u. Physiol., 1911, 28, S. 297; 
J. Path, and Pact., 1912, 17, 147. 

19 Kranse, IV., Die Hotorschen Endplatten der 
qucrgcstrciftcn Muskclfascrn, Hannover, Hahn, 
1869, pp. 192, and one plate. 

eoBonhoffer, K., Pfliiger’s Arch., 1890, 47, 125. 

21 Schaffer, J., Siteungsh. d. h. Al:ad. d. TTis- 
sensch. Math.-Xaturw. Kl., Wien, 1893, 102, Abth. 
3, S. 7. 
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neurogenic substance in the myoplasm of the 
muscle fiber by jet-pump action from, and 
in anatomical continuity with, the motor end 
plate (Fig, 2 and 3) ; (4) the subsarcolemmal 
position of the agglutinated islands of aug- 
mented auriphilic substance, seen in -whole 
teased muscle fibers (Fig. 3) and in the cross 
sections (Fig. 6); (5) an acute atrophy oc- 
curring in some muscle fibers affected by 
DDT (Fig. 6) ; (6) disappearance of the 
motor end plates in 10% to 30% of the 
biopsied gastrocnemius muscles, from 10 
chameleons and 10 rats, during the terminal 
stage of DDT paralj'sis. 

There -was an acute atrophy of the muscle 
fibers in some places. In some muscle fibers 
dispersion of the granules was lost completeh^ 
The granules were agglutinated in large 
masses in localized spots in some muscle 
fibers: and this w’as comparable to the loss 
of granules in some parts and aggregation in 
other parts of the specific granular muscle 
fiber observ'cd 10-lS days after denervation," 
and after 12 days of total starv’ation,® ex- 
cept water, in the rat. In these dener\'ated 
gastrocnemius muscles the fine neurosomic 
granules of Kuhne disappeared around the 
degenerated nerve endings about the 72nd 
hour after section of the sciatic nerve. There 
were, however, centrifugal discharges of large, 
coarse granules into the muscle from the 
greatlj' altered nerve terminals, until the 
distal stump of nen^e was depleted of de- 
generated axonic and myelin substances. This 
final depletion stage of the distal stump of 
the sectioned nerve varied in individual rats 
from 10 to 18 da 3 ^s. The specific structure 
and dispersal of granules, therefore, in the 
dark muscle fibers appeared to depend upon 
the intact nerve endings and normal function 
of the innervation of muscle. 

In the normal muscle fiber of the chameleon 
there was variation in the distribution of 
the granular and agranular muscle fibers. 
The agranular muscle fibers were increased 
in number by heat rigor of short duration 
produced by sub merging the skinned chame- 

5 Carer, E. J., ilassopust, L. C., H.nuslialtcr, E., 
Sweeney^ J., SariMis, C., .and E.aggio, X, Am. X 


Faili., in press, 

6 Caiey, E. X, 
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Icon in Locke’s solution for 10 seconds at 
50°C. The agranular fibers produced by 
this short duration of heat rigor were com- 
parable to the normal agranular fibers (Fig, 
5). In heat rigor 90% to 96% of the musde 
fibers were agranular, whereas in the norma! 
only 40% to 75% were agranular, 20% to 
58% finel_v granular, and only 2% to 5% 
coarsely granular. This differential count was 
based on the observations of 2000 fibers in 
each of 20 gastrocnemius musdes from 10 
chameleons: a total of 40,000 fibers. Al- 
though the musde fibers with greatest di- 
ameter were usually pale and agranular, this 
was not an invariable finding. In the win- 
ter animal there was a number of pale fibers 
with verj" fine granules, or agranular, that 
possessed small fiber diameters. Some other 
medium-sized muscle fibers of the dark tjpe 
■were packed with coarse granules. The nor- 
mal granules of the muscle fibers varied in 
diameter from 0.2 to 10 p. 

Some of the auriphilic granules formed 
elongated bipolar streamers in relation to the 
muscle nuclei. The granules in the musde 
fiber, therefore, were dual in origin: (1) 
neurosomes discharged from their motor 
netx'e endings and diffused in the myoplasm; 
and (2) granules discharged from the 2 ter- 
minal poles of each of the multiple elongated 
nuclei in the protoplasm of the muscle. In 
some places the granules related to the musde 
nuclei and the neurosomes continuous with 
the nerve endings appeared to intermingle and 
coalesce to form one elongated granular mass. 
There -were many nudei located in the center 
of tlie granular fibers whereas most of the 
nuclei were located under the sarcolemma in 
the agranular musde fibers. 

The abnormal auriphilic masses of neu- 
rogenic substance produced b\' DDT were 
sometimes as long as 450 p. and had in some 
places (Fig. 3 and 6) a diameter of 50 /i. 
The normal granules and the abnormal masses 
of auriphilic neurogenic substance were in- 
constant in their refractive properties, size, 
shape, number, and capacitj' to react to gold, 
silver, methylene blue, osmic add, Sudan III 
and IV, Sudan black, and alkaline scarlet 
red. The part of a musde fiber depleted of 
its gold staining substance was definitelj' 
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agranular when there was an aggregation of 
this substance produced by DDT in another 
part of the same fiber. The massive ag- 
gr^ation of auriphilic substance in the myo- 
plasm of the voluntary muscle fiber ivas in 
anatomic continuity in many instances with 
the auriphilic substance of the hypolemmal 
and epilemmal axons undergoing depletion by 
the action of DDT, That at least some of 
the auriphilic masses were neurogenic in ori- 
gin is proved by the following microscopic 
evidence: (1) there is frequently a continu- 
ous anatomic relationship between this 
auriphilic substance in the muscle and the 
nerve ending; (2) there is a similarity of 
reaction of this substance in ner\'e and muscle 
with gold; (3) there is an e.xcessive and mas- 
sive accumulation of this auriphilic substance 
in muscle parallel with the exhaustion of the 
ner\’e supply of its auriphilic substance. 

Discussion. The mechanism of production 
of the granular and agranular muscle fibers 
is still unknown. This fact has been pointed 
out in the relatively recent e.xcellent reviews 
and observations by Cobb,' Needham* 
Hines,* Hinsey,'® Denny-Brown, and Tow- 
er.’* The histologist uses various synonyms 
dependent upon observations made on fresh 
muscle or on those made after chemical altera- 
tion by fixatives and staining reactions for 
the “granular and agranular” muscle fibers, 
respectively, as follows: “dark and light or 
pale,” “opaque and clear,” “plasmic and 
aplasmic,” “red and white,” muscle fibers. 
Griitaner’* stated that all granular muscle 
fibers are red muscle fibers and that the 
agranular are white muscle fibers. Starling” 
claimed that all striated muscles of higher 
vertebrates are microscopically mixed muscles 

■ Cobh, S., Physiol. Pev., 1925, 5, 518, 

* Xetdliam, D. M., Physiol. Pcv., 1920, «, 1. 

*ninos, Jt., Quart. Pcv. Biol., 1927, 2, 149. 

’»Hinsey, ,T, C., ,7. Corny. P enrol., 1927, 44, 87; 
Physiol. Pcv., 1934, 14, 514. 

” Dt-tiny-Broira, D. E., Poy. Soe. London, Proc., 
Series B, 1929, 104, 371. 

’* Tower, .S. S., Physiol. Pcv., 1939, 10, 1. 

Grutzner, B., Pfliiger’s Arch., 1887, 41, 250. 

Starling E. IE, Principles of Human Physi- 
ftogy, otli cd., edited and rerised by 0. Lovatt 
Ev.nns, Lea & Fchiger, Phil., 1930, p. 139. 


and contain both red and white types of muscle 
fibers. It was demonstrated by Knoll’“ that 
the granules in the small muscle fiber can 
be stained with osmic acid and gold. 
Kolliker,’® Albrecht,’' and Bell,’® identified 
these granules as lipoid in nature, basing 
their identification on reactions with osmic 
acid and fat stains such as sudan III and 
scarlet red. However, we present evidence 
in this paper that choline and acetylcholine 
likewise react strongly with both osmic acid 
and gold chloride. 

Krause'* stated that the small granular 
muscle fiber was a young form that eventual- 
l\r grew into the adult large agranular fiber. 
Bonhoffer*® studied the same muscle at dif- 
ferent ages and found the distribution of 
the granular and agranular fibers was about 
the same at different periods in development. 
Schaffer*’ reported that the arrangement of 
the coarse myofibrils was without order in 
the granular fiber whereas there was more 
regularity in the distribution of the fine 
myofibrils in the agranular fiber into so- 
called areas of Cohnheim, in cross sections, 
or columns of Kblliker, in longitudinal sec- 
tions. The so-called sarcoplasm was greater 
in red granular fibers than in white agranular 
muscle fibers according to Schaffer. 

Experimental evidence is presented here 
which supports the assumption that there is 
a periodic shift in the location of the muscle 
nuclei in relation with the phase of the cycle 
of metabolism stopped by gold impregnation, 

M Knoll, P., P. f. Heill;., Berlin, 1880-81, 1, S. 
255; Denhschr. d. };. Al;ad. d. ll'issenseh. irien. 
Math. Xalunc. Kl., Wien, 1891, S8. 

16 Kolliker, A., H. f. TTissensch. Zool., Leipzig, 
1857, 8, 311; ibid., 1688, 47, S. 089. 

ir Albrecbr, E., DciiLschr. path. Gcscllsch., 1902, 
75, S. 7; ibid., 1903, C, .S. 03 ; Ergeh. dcr ally. Path, 
u. Path. Anat., 1907, 11, Abtb, 2, S. IICG. 

16 Beil, E. T., Anat. Pcc., 1910, 4, 199; Internal. 
Monatsch. f. Anal. u. Physiol., 1911, 28, S. 297; 
J. Path, and Bad., 1912, 17, 147. 
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scnsch. Ifath.-Xaturic. Kl., Wien, 1893, 102, Abtb. 
3, S. 7. 
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neurogenic substance in the myoplasm of the 
muscle fiber by jet-pump action from, and 
in anatomical continuity with, the motor end 
plate (Fig. 2 and 3); (4) the subsarcolemmal 
position of the agglutinated islands of aug- 
mented auriphilic substance, seen in whole 
teased muscle fibers (Fig. 3) and in the cross 
sections (Fig. 6); (S) an acute atrophy oc- 
curring in some muscle fibers affected by 
DDT (Fig. 6); (6) disappearance of the 
motor end plates in 10% to 30% of the 
biopsied gastrocnemius muscles, from 10 
chameleons and 10 rats, during the terminal 
stage of DDT paralysis. 

There was an acute atrophy of the muscle 
fibers in some places. In some muscle fibers 
dispersion of the granules was lost completely. 
The granules were agglutinated in large 
masses in localized spots in some muscle 
fibers; and this was comparable to the loss 
of granules in some parts and aggregation in 
other parts of the specific granular muscle 
fiber observed 10-18 days after denervation,® 
and after 12 days of total starvation,® ex- 
cept water, in the rat. In these denervated 
gastrocnemius muscles the fine neurosomic 
granules of Kiihne disappeared around the 
degenerated nerve endings about the 72nd 
hour after section of the sciatic nerve. There 
were, however, centrifugal discharges of large, 
coarse granules into the muscle from the 
greatly altered nerve terminals, until the 
distal stump of nerve was depleted of de- 
generated axonic and myelin substances. This 
final depletion stage of the distal stump of 
the sectioned nerve varied in individual rats 
from 10 to 18 days. The specific structure 
and dispersal of granules, therefore, in the 
dark muscle fibers appeared to depend upon 
the intact nerve endings and normal function 
of the innervation of muscle. 

In the normal muscle fiber of the chameleon 
there was variation in the distribution of 
the granular and agranular muscle fibers. 
The agranular muscle fibers were increased 
in number by heat rigor of short duration 
produced by submerging the skinned chame- 

5 Carey” E- J-j Massopust, L. C., Haush.iltcr, E., 
Sheene/, J., Saribalis, C.. and Baggio, J., A^. J. 
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Icon in Locke’s solution for 10 seconds at 
S0°C. The agranular fibers produced by 
this short duration of heat rigor were com- 
parable to the normal agranular fibers (Fig. 
5). In heat rigor 90% to 96% of the muscle 
fibers were agranular, whereas in the normal 
only 40% to 75% were agranular, 20% to 
58% finely granular, and only 2% to 5% 
coarsely granular. This differential count was 
based on the observations of 2000 fibers in 
each of 20 gastrocnemius muscles from 10 
chameleons: a total of 40,000 fibers. ' Al- 
though the muscle fibers with greatest di- 
ameter were usually pale and agranular, this 
was not an invariable finding. In the win- 
ter animal there was a number of pale fibers 
with very fine granules, or agranular, that 
possessed small fiber diameters. Some other 
medium-sized muscle fibers of the dark type 
were packed with coarse granules. The nor- 
mal granules of the muscle fibers varied in 
diameter from 0.2 to 10 fi. 

Some of the auriphilic granules formed 
elongated bipolar streamers in relation to the 
muscle nuclei. The granules in the muscle 
fiber, therefore, were dual in origin: (1) 
neurosomes discharged from their motor 
nerve endings and diffused in the myoplasm; 
and (2) granules discharged from the 2 ter- 
minal poles of each of the multiple elongated 
nuclei in the protoplasm of the muscle. In 
some places the granules related to the muscle 
nuclei and the neurosomes continuous with 
the nerve endings appeared to intermingle and 
coalesce to form one elongated granular mass. 
There were many nuclei located in the center 
of the granular fibers whereas most of the 
nuclei were located under the sarcolemma in 
the agranular muscle fibers. 

The abnormal auriphilic masses of neu- 
rogenic substance produced by DDT were 
sometimes as long as 450 fi and had in some 
places (Fig. 3 and 6) a diameter of 50 p. 
The normal granules and the abnormal masses 
of auriphilic neurogenic substance were in- 
constant in their refractive properties, size, 
shape, number, and capacity to react to gold, 
silver, methylene blue, osmic acid, Sudan III 
and IV, Sudan black, and alkaline scarlet 
red. The part of a muscle fiber depleted of 
its gold staining substance was definitely 
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of the intramuscular medullated nerves. 

The augmentation and aggregation of 
neurogenic substances in the voluntary muscle 
fibers affected by DDT parallels the abnor- 
mal response and subsequent paralysis through 
axonic e.\haustion by chemical denervation of 
some muscle fibers. It is suggested that 
the normal dark and granular muscle fiber 
be designated as the neurosomic muscle fiber 
and that the light and agranular fiber be 
called the aneurosomic muscle fiber. This 
terminology is based on the hypothesis that 
there is a periodic discharge and disappearance 
of the neurogenic granules in the fibrillar 
protoplasm of the same voluntary muscle 
fiber observed at different periods of time, 
and the hi^pothesis itself is supported bj’ 
the suggestix'e e.x:perimental evidence of the 
effects of DDT. 

The observ'ations reported in this paper 
are, in general, consistent with the views ex- 
pressed, over one hundred years ago, by 
Doyere.--'’ He observed the junction between 
the living nerve and muscle in the micro- 
scopic Tardigrade (Spallanzani) also called 
the "water bear.” Its body is a transparent 
muscular bag. Doyere stated, page 346, that 
“the relation of the terminal nerve filaments 
■"■ith the muscles cannot be distinguished,” 
and in Fig. 4, plate 17, he illustrates the 
junction of the granular nerx'e fiber and the 
granular muscle fiber as morphologically con- 
tinuous. 

Summary. The limited e.xperimental evi- 
dence presented in this paper tends to support 

"Doyere, M., AnnaJcs d. Sciences Xatnrelles, 
second series, 1840 , 14 , 269 . 


the statement that DDT increases the dis- 
charge of auriphilic neurogenic substances 
from some motor end plates into the myoplasm 
of some of the voluntary muscle fibers. These 
neurogenic substances form massive aggregates 
of neurosonies in parts of some voluntary 
musde fibers. This results in a partial or 
complete dissociation of the neurogenic from 
the mxmgenic substances in the muscle fiber. 
.Auriphilic granules are likewise found at the 
2 poles of the elongated nuclei in Uie dark 
muscle fibers. The supporting evidence that 
some of the auriphilic granules and masses 
found after DDT toxicity are neurogenic in 
origin follows: (1) anatomical continuity of 
the auriphilic bodies in muscle with the 
auriphilic hypolemmal axons of the motor 
end plates; (2) similarity of staining reac- 
tion of the masses in muscle and a.xons of 
nerx'e endings with gold impregnation; (3) 
massive aggregation of auriphilic bodies in 
some muscle fibers contemporaneous with the 
centrifugal depletion of the related nerve 
a.xons and endings of their auriphilic sub- 
stances. Presumptive evidence is presented 
that the normal fiber tjqies in voluntary 
muscle are dependent, in part, upon the peri- 
odic alternation of the discharge and disap- 
pearance, by chemical action, of the neuro- 
genic granules in the same muscle fiber at 
different time periods. The limited evidence 
also indicates that DDT poisoning maj'^ be 
produced in normal rats by feeding, and in 
chameleons by the intraperitoneal injection 
of the previously perfused, deh 3 ’’drated, and 
emulsified muscles of rats manifesting toxicity 
with DDT. 
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Until the advent of penicillin, subacute 
bacterial endocarditis largely resisted all 

* This study wns carried out with tlie support 
tlic Dorothy H. and Lewis Eosenstiel Founda- 
tion. 


forms of therapjL The persistence of the 
disease is due to the survival of the bacteria 
in the valve locus. The organisms in the 
vegetations are separated from the blood 
stream b,v a layer of fibrin and it has been 
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It is suggested that the locations of the 
iDUsde nuclei are related to the mechanical 
effects of the chemical reactions produced by 
the discharge, hydrol 3 .-sis, and disappearance 
of the granular neurosomes projected into the 
rnyoplasm from the nerve endings. It is 
likewise suggested that the fiber” types in 
muscle appeared not to be fixed histologic 
structures but that thej' readily are trans- 
formed one into the other, dependent upon 
the phase of the metabolic cycle of nerve 
and muscle in which the tissue ceased activity 
by the impregnation with gold. The periodic 
changes in the histochemistry of muscle ap- 
peared to determine the granular and the 
agranular types of muscle fibers independent- 
ly of the gross color of the muscle. The 
observations reported in the chameleon in 
this paper are made upon the grossly pale 
reptilian muscle, and the granular fibers have 
no relation to the so-called “red” muscle. 

The same axis cylinder may divide and 
end in 2 motor end plates, one retracted in 
the granular muscle fiber and the other ex- 
panded in the agranular muscle fiber. This 
is suggestive evidence that the same axis- 
cylinder of a nerve, upon division, maj' 
terminate in muscle fibers fixed in different 
phases of either the discharge or hydrolysis 
of neurosomes in the metabolic cycle of nerve 
and muscle. The greater number of granular 
fibers found in the slower than in the faster 
reacting muscle is assumed to be related to 
the differential speed of metabolism and re- 
sponse to the chemical irritation produced 
by gold impregnation. If this assumption 
is true, then a greater number of granular 
fibers would be found in the slower than 
in the faster reacting muscles. These 
granular fibers, therefore, are not related to 
hemoglobin pigmentation and the adjective 
“red” should be discarded. 

Denny-Brown^^ cut the ventral roots of the 
sciatic nerve in the cat. Two weeks later 
he found that the distribution and depth of 
staining of dark and light fibers in the 
gastrocnemius and soleus had remained the 
same on the operated side as on the control 
side. We have duplicated this experiment 
in 50 rats" and 10 cats. The definitive 
dark fibers disappear in from 10 to 18 days 


in the rat, and from 21 to 36 days in the 
cat. ^ There is no way, based upon the use 
of either fat stains of alkaline Sudan III, 
scarlet red, osmic acid or metallic impregna- 
tion with gold or silver, of clearly differentiat- 
ing from one another acetylcholine, choline, 
lecithin, and other products of the break- 
down of complex lipoids. Sevent 3 r-two hours 
after nerve section in the rat, acetylcholine 
is not identified by Dale, Feldberg, and 
Vogt,— yet there is a periodic discharge of 
some complex lipoids, in the form of very 
coarse granules, from the degenerated end 
plate, and these granules react to osmic acid, 
alkaline Sudan III, and to gold chloride. 
This centrifugal discharge of the degenerated 
axonic and myelin material of the distal 
stump of the cut sciatic nerve into the de- 
nervated muscle continues until complete sub- 
stantial exhaustion occurs. It is because of 
this fact, and species variation in degenera- 
tion of nerves, that Denny-Brownt^ did not 
observe any great change in the disappear- 
ance of the muscle granules in the narrow, 
dark fibers 14 days after nerve section in 
the cat. The dark, granular muscle fiber' 
disappears when a sufficient length of time 
has elapsed after nerve section as well as 
after starvation. Denervation'* results in a 
material, lipoidal exhaustion of the distal 
stump of the sciatic nerve, whereas starva- 
tion® produces either a partial or complete 
block in the substantial transmission of 
neurogenic substances in some fibers of the 
muscle. This is evident by the ' great en- 
largement of some of the nerve axons 
extrinsic to the sarcolemma® and the retrac- 
tion of the hypolemmal axons and disappear- 
ance of the granules of Kuhne. 

The effect of DDT on tlie neuromuscular 
apparatus results in an augmented discharge 
and aggregation of neurosomes in the myo- 
plasm. DDT produces dissociation of the 
neurogenic and myogenic substances in the 
voluntary muscle fiber. DDT likewise final- 
ly produces a chemical denervation of some 
muscle fibers microscopically detected by the 
disappearance of some of the motor end plates. 
DDT also causes demyelinization of some 

22 Dale, H. H., Feldberg, W., and A'’ogt, M., 

.r. Physiol., 1936, 8G, 353. 
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TABLE I. 

Iiiliibition Zones Diameter in nun. 

Diameter of zones of inliibifion in nun on agar ami fibrin plates produced by sodium sulfa- 
tliiazole, sodium sulfadiazine, and disodium pliospliatc. 


hr 

M/2o iSodium- 
sulfathiazolo 

31/25 Sodium- 
sulfadiazine 

31/25 Disodium- 
pliospliate 

Agar 

Eihrhi 

Agar 

Fibrin 

Agar 

Fibrin 

24 

0 

0 

0 

0 

0 

0 

48 

12 

0 

0 

0 

0 

0 

72 

15 

0 

14 

0 

0 

0 

9G 

18 

0 

18 

0 

0 

0 

120 

IS 

0 

18 

0 

0 

0 


TABLE II. 


Diameter of Zones of Inhibition in mm. 


Penicillin units/ml 

hr 


0.5 


1.0 

2 

.0 


4.0 

Agar 

s 

Fibrin 

Agar 

Fibrin 

Agar 

Fibrin 

Agar 

Fibrin 

24 

9 

9 

9 

9 

11 

9 

11 

10 

48 

10 

9 

11 

9 

12 

9.5 

15 

12 

72 

11 

9 

12 

10 

12 

10 

18 

12 

90 

12 

10 

13 

12 

14 

13 

18 

14 

120 

14 

10 

10 

12 

16 

14 



144 

14 

10 

16 

12 

16 

14 



108 

14 

10 

10 

12 

16 

14 




sodium sulfadiazine and the third with the 
control 11/25 disodium phosphate. Readings 
were made at 24-hour intervals and the aver- 
ages of the 3 readings taken. Table I shows 
the results of these experiments. It is evi- 
dent that sodium sulfathiazole and sodium 
sulfadiazine diffuse into agar but show no 
reaction in fibrin. The control solution shows 
no inhibition in either the agar or fibrin 
plates indicating that the alkalinity of the 
sodium sulfonamides is not a factor in the 
reactions. 

Penicillin. A number of experiments were 
carried out with varying concentrations of 
penicillin. A zone of inhibition appeared in 
both the agar and fibrin plates in 24 hours. 
Although the inhibition zones were somewhat 
larger in the agar as compared with fibrin 
plates, the difference was relatively slight, 
indicating a comparatively free diffusion of 
penicillin into fibrin. Table II shows the 
lesults of a typical e.xperiment. 

Discussion. These results indicate that peni- 
cillin diffuses freely into fibrin as compared 
with sulfonamide compounds. The conclu- 
sion seems justifiable that the greater ef- 
fectiveness of pienicillin in subacute bacterial 
endocarditis is at least in part due to this 


superior diffusibility. The fact that there 
is a relationship between the chemotherapeutic 
activity of a compound and its ability to 
permeate fibrin supports the concept of a 
fibrin barrier as the mechanism which per- 
mits the persistence of the infection on the 
valve. It is clear that in evaluating the ef- 
ficiency of a drug in the treatment of bac- 
terial endocarditis, the ability to penetrate 
fibrin requires important consideration. 

A further implication of the present study 
relates to the use of anticoagulants in the 
treatment of subacute bacterial endocarditis. 
With the purpose of lessening the deposition 
of fibrin on the diseased valve, the administra- 
tion of heparin has been used as an adjunct 
to antibacterial agents. Although some 
clinical reports suggest that heparin is bene- 
ficial, others indicate that the results of 
penicillin therapy are not improved by its 
use. The present e.\-periments would tend 
to minimize the Importance of heparin as 
it is shown that fibrin has little retarding 
effect on the activity of penicillin. 

Summary and Conclusion. Using a modi- 
fication of the cup assaj- method on agar and 
fibrin plates, there is no evidence of penetra- 
tion of sulfathiazole and sulfadiazine into 
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shown that antibacterial agents penetrate 
tibrin poorly or not at all. Friedman^ studied 
the effect of 3 germicides, gentian violet, 
merthiolate and Vuzino-toxine camphorated 
on the Streptococcus viridaiis growing im- 
bedded in a fibrin mass. He compared the 
effect with that occurring in ordinary broth 
cultures of the same organism and found that 
the fibrin mass had a striking retarding effect 
on the bactericidal action of these compounds. 
Friedman- also demonstrated the inability of 
sulfanilamide and sulfapyridine to eradicate 
a focus of streptococci growing in and pro- 
tected by a fibrin-platelet mass. Duncan and 
Faulkner^ were unable to demonstrate any 
appreciable penetration of sulfonamide com- 
pounds into blood clots in periods of 24 hours 
to IS days. These observations suggest that 
failure of therapy in bacterial endocarditis 
may be due to an ineffective contact between 
chemotherapeutic agents and the bacteria on 
the valves as a result of impermeability of 
the fibrin barrier. 

The sulfonamide compounds'* and penicillin'’’ 
inhibit the growth of Streptococcus vtrldans 
in the test tube. However, in bacterial 
endocarditis with the organisms lodged in 
the heart valve, penicillin has shown a strik- 
ing therapeutic effect while the sulfonamides 
have at best exhibited only an occasional 
and usually temporary beneficial action. The 
present study is an attempt to determine 
whether the greater effectiveness of penicillin 
can be ascribed to a superior diffusion of 
this substance into fibrin. A comparison was 
made of the diffusibility into fibrin of the 
relatively ineffective sulfonamide compounds 
ivith that of penicillin. 

Procedure. A modification of the cup as- 
say method for penicillin was utilized. Agar 
plates were prepared using Bacillus subtilis 

Friedman, M., J. Pharmacol, and JExp. Therap., 


1938. C3, 173. 

2 Fricilman, M., Arch. Ini. 2M., 1941, 67, 921. 
Duncan, 0. N., and Faulkner, J. M., Am. J. 

Med. SB., 1940, 200, 492. , , , , 

4 Orgain, B, S., and Poston, M. A., Arch. Int. 

ircd^l94.., <0, /(/. Lipman, 

5 Dawson, M. H., > 

M. 0., Pkoc. Soc. Esr. Biol, and JIed., 1944, 

56, 101. 


as the test organism following the technic 
of Foster and Woodruff.® Fibrin plates were 
prepared in the following manner. Dried 
fraction I of human plasma! was reconstituted 
by the addition of saline, containing 10% 
glucose. Twenty ml portions were poured 
into petri dishes and 0.2 ml of a spore sus- 
pension of B. subtilis added to each plate. 

The plates were shaken to permit an even 
distribution of the bacterial suspension. To 
each plate 0.2 ml of a solution of bovine 
thrombin was added. The thrombin was pre- 
pared by dissolving 5000 units in 5 ml of 
isotonic saline. The fibrin hardens within 2 
minutes after the addition of the thrombin. 
Three penicillin assay cups were placed 
equidistantly on each agar and fibrin plate. 
The 3 cups ivere filled with the substance 
to be tested, permitting the reading of the 
results in triplicate. The plates w’ere kept 
at room temperature as preliminary e.xperi- 
ments show'ed that liquefaction occurred in 
the fibrin at incubator temperature. Measure- 
ments of the diameter of the zones of in- 
hibition ivere made at 24-hour intervals. 

Sulfonamide Compounds. Sulfathiazole 
and sulfadiazine were used in this study. 
Relatively dilute solutions of these compounds 
did not produce a definite inhibition in either 
the agar or fibrin plates. More concentrated 
solutions (M/25) of the sodium salts of 
these compounds showed definite zones of 
inhibition in the agar but there was no evi- 
dence of inhibition in the fibrin. To assay 
the possible effect of the alkalinity of these 
solutions, a control of disodium phosphate 
in M/25 solution, adjusted to the same pH 
as that of the sodium sulfonamides was 
utilized. One agar and one fibrin plate were 
set up with the 3 cups filled with the M/25 
sodium sulfathiazole, another pair with jM/2S 

c Poster, J. W., and Woodruff, H. B., J. 

1944, 47, 43. 

t This plasma fraction was prepared Tinder a 
contract between the Office of Scientific Hesearch 
and Development, and Harvard TTniversity, from 
blood collected by the American Rod Cross. Tins 
was supplied by the Department of Physical Chem- 
istry, Harvard Medical School. In tliis fraction, 
60% of the protein is fibrinogen and the remainder 
is albumin and globulin. 



DrTFirsro;? or ScXFO^rsjriDzs 'Bzi^crLz.m crro tiBrnz! 


TABi-H I. 

I::Hr:ti':~ Tj’-^s Eyiiciei^-r i=. rrria. 
D^.-irL:ii:,'r <jf of ichitiiti-.z 12 nr.-j on o:»r ixi ffrin rfjoo-i 'z' 

uiZonn';. ioiirrn: snlfifxnrir?. nnc feO'diTiizn porj-fg'fa':-:'. 


K /''53 R -..--1 — - 




1‘5 il5 

k " - 


Er 

<■ 

Apir 

rihrin 

f 

AkS'iT 

Froiir; 

<r 

1 

FEE'rin 


f' 


fj 

pn 

t,;.) 







tv' 

f'j 




I-= 


-j 


r*.“ 

li 

0’ 

iS 

tijl 

(i_.i 



IS 

y'l' 

I."; 





TABLE H. 

o«f f.t tnilirrlTivr: in r - i . :r ,. 





/ 

EiErTE 

(f* 

Ftcrfr; 




jizz'zin 


Q 

0 


0 

11 


11 

10 

Ai 

xr. 

fj 

11 

0 

12 


IT* 

li 

'-•5» 

li 


li 

lO** 

52 


iL'i' 


r.*.* 

12 

Vi 

13 

li 


VU‘ 

I't 

jt= 

liO' 

I-rA 

14 

14 

I'? 

T'"" 

ItV' 

io 

ii 

li 


lA 



id 

14 

10* 

16 







scffrzr: scIfadisziEe SEd the third with the 
fficioi JI/Z; diiooiitm phtisphste. Ree dfr - g? 
Tftre cads at 24-hajir interrsis and the aver- 
tsis fit the 3 readhtas tahea. Table I shews 
the resaltS' of these eaperiraeats. It i^ etrn- 
teat that sodhiia stilfathiazele acd sfi'iictat 
atlfadiaziae diattse iato g.gs.r bat show n? 
tetaJja in fibric. The o>titro! sorfatieE shows 
tit lEhSitioa in either the agar or fSttr: 
phtes c-lirating that the aihidsity ot t^e 
soda:— saUoaarriides is not a factor ir: the 
nzrdozis. 

Pf-z:ciUAr:. A Etimber of eaneriEieEts were 

tsrned oat with ^'arj'iEg ojEceEtratioEs ot 
P'^'tSIiE. A zone of iahibitioE appeared nr 
hfith the asar and fSsria plates in 2- hoars. 
■“-^'•rEart the inhibition zoe^ were somewhat 
^^^^r in the asar as compared with Shrm 
the dinereEce was relativelr slianl. 
i^'-'ratma a coraparathrelr free dihttsron oi 
penirfEhT into fibnm Table H shows the 
of a nprcai erperimsst- 
^’-'ciLziior., These resoits hidicate that pent- 
dinnses freelv into iSsrin as omparen. 
•''•h stihonarmde oomnoaEds. The oOEnrr- 
seems jostifiable that the greater et- 
lenr/cE-ess of penlmiliE rn siibacnte bacterrai 
'^^^'-'tarditis is at least in cart dne to this 


soEerior dimisibfittv. The fact . - - 
is a reiatioaship between the chsEO±eia?en!ic 
a-rthity of a oompooEC and its abiiity to 
permeate fibrin snpports the conoepl of a 
fibrin barmer as the m er na nts m wmcn per- 
mits the persistence of the infecticn on me 
rrlne. It is dear that m erainadng the e:- 
fidenre of a dma in the treatment ot ban- 
teriat endo'carcitts. tne anmty to penetrate 
ffbnn reGEires important oonsrderaSion. 

1 fcrther inm-iication of the present stnay 
refates to the trse of antfooagnlants in the 
treatment of snbacnte bacteria! _endomrmtis. 
v.lth *e^p:^o«^o: I^mng^ine dspos:!^ 

^ial. others indicate trmt the resojts ot 
ictiim therany are not impruT&n cy its 

gaect on tne activity o^ u'v — t — An. 

Siirzr-.cT': end Cer.da^don. lising a moci- 
fination o: the cop assay 
ffbrin piates. tnere is no 


tic 

per 

css 

to 




86 


Repository Injections of Penicillin 


fibrin. Penicillin diffuses almost as well into 
fibrin as into agar. It is suggested that the 
diffusibility of penicillin into fibrin is an 
important factor in the efficacy of this sub- 


stance in the treatment of subacute bacterial 
endocarditis. 

Wo are indebted to Dr. Gordon Alles for helpful 
.siifjgo.stions. 
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Edwin j\I. Ory, Clare Wilcox, and IMaxwell Finland. 

From the Thorndihe Memorial Laloralonj, Second and Fourth Medical Services (Harvard), 
Boston City Hospital, and the Department of Medicine, Harvard Medical School, Boston, Mass. 


There is considerable interest in the de- 
velopment of methods for administering 
penicillin which are both simple and efficient. 
Oral administration would be the obvious 
solution were it not for the marked irregulari- 
W of absorntion as well as the low efficiency 
of this method with the materials thus- far 
available.^"* Various attempts have been 
made to maintain and prolong the effective 
concentrations of penicillin after parenteral 
administration with the hope of reducing the 
number of injections necessary. Most promis- 
ing at the present time is the use of a reposi- 
tory injection of a relatively large dose in a 
medium from which absorption takes place 
slowly. Among the various combinations pro- 
posed, the mixtures of beeswax in peanut 
oil have been studied most extensively.*^® 
With this method effective serum levels can 
be maintained quite regularly over a 12-hour 

1 Free, A. II., Parker, R. F., and Biro, B. E., 
Science, 1945, 103, 006. 

2 Cutting, W. C., et al., J. A. M. A., 1945, 
12!), 425. 

3 Finland, 51., Heads, JI., and Ory, E. M., 
,T. A. M. A., 1945, 129, 315. 

4 JIcDcrmott, W., et al. Science, 1940, 103, 359. 

s Romansky, Jt. J., and Rittman, G. E., Science, 

1944, 100, 190. 

c Romansky, 51. J., and 5rurp)iy, R. J., J. A. M. 
A., 1945, 128, 404. 

T Romansky, 51. J., and Rittman, G. E., Hew 
Fngland J. Med., 1945, 233, 577. 

8 Leifer, 5V., 5Iartin, S. P., and Kirby, W. 51. 51., 
New Fngland J. Med., 1945, 233, 583. 

a Kirby, W. 51. 51., ef oL, J. A. M. A., 1945, 

129, 940. 


period and in most instances for 18 to 24 
hours, but the concentrations after more than 
12 hours following a dose of 300,000 units 
or less may be quite irregular or not measura- 
ble. While the beeswax-peanut oil mixtures 
have been used successfully in several clinics, 
their high melting point and the marked 
viscosity of the preparations make the injec- 
tions of these materials technically difficult 
for most ine.\'perienced persons. Substances 
which are more easily manipulated at or- 
dinary room temperatures would be much more 
desirable. 

Freund and Thomson’® proposed the use 
of a simple, rapid technic of preparing water- 
in-oil emulsions of penicillin. The penicillin 
is put into solution in a small volume of 
saline and added to a mixture of a lanolin- 
like substance (Falba) and peanut oil and 
thoroughly emulsified before the injection. 
This method has been used by Cohn et alP^ 
in the treatment of 52 cases of acute gonorrhea 
by the single injection of the emulsion con- 
taining 150,000 units of penicillin, with only 
2 failures. The serum levels obtained in 3 
subjects given the penicillin in this manner 
were somewhat better sustained than in 2 
others in which the same amount of penicillin 
was given in saline. Similar or identical ma- 
terials have been prepared commercially 
(Solvecillin, Pendil, Emulgen, etc.) and have 
the advantage that they flow readily at or 

10 Freund, J., and Tliomson, K. J., Science, 1945, 
101, 468. 

11 Cobn, A., Pkoc. Soc. Exp. Biol, and SIed., 
1945, 59, 145. 




Fig. 1. 

Serum penicillin concentrations in tlie same subjects after intramuscular injections 
of various doses in saline and in a vrater-in-oU emulsion. 


slightly above room temperature and can 
therefore be easily manipulated. From that 
point of view, this type of mLvture would be 
much preferable to the thicker beeswax mix- 
lures, which readily solidify at the same tem- 
peratures. 

In view of the fact that there may be con- 
siderable individual variations in the absorp- 
bon of penicillin even after intramuscular 
mjections of the same dose, it seemed essential 
lo compare serum levels obtained from any 
given dose in the repositor}’’ injection with 
those obtained with saline solutions in the 
same individuals. 

Intramuscular doses of 100,000, 200,000 
and 300,000 units, each in a volume of 4.5 cc 
were used. The subjects were ward patients 
w 0 had not recentlj'- received any chemo- or 
antibiotic therapy. About one-half of the 
subjects were given a single dose of penicillin 
m Saline and 3 or more days later the same 
amount of penicillin was given in water-in-oil 


emulsion* as advocated by Freund and Thom- 
son.^® The other subjects received the doses 
in the reverse order. Blood was drawn at 
intenmls after the injection and the concen- 
tration of penicillin in the serum determined 
by a slight modification of the serial dilu- 
tion method of Rammelkamp.^a xhe mini- 
mum concentration detectable by this method 
was 0.0156 unit per cc of serum. 

The results are shown in Fig. I. There 
were slight variations in the maximum con- 
centrations obtained and somewhat greater 
individual variations in the maintenance of 
serum lev-els after the same dose. The larger 
doses gavm higher and more prolonged levels 
in either menstruum. There was no constant 


•'“Pciidil.” generously suppb'eil by Endo 
Products, Inc., tliroiigh tlio courtesy of Dr. Samuel 
jr. Gordon. 

1- Samwclknwp, C. II., Fboc. Soc. Exp. Biol. 
-VXD Med., 1942, 51, 95. 
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fibrin. Penicillin diffuses almost as well into 
fibrin as into agar. It is suggested that the 
diffusibility of penicillin into fibrin is an 
important factor in the efficacy of this sub- 


stance in the treatment of subacute bacterial 
endocarditis. 

We are indebted to Dr. Gordon Aites for Iietpfui 
■suggestions. 
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There is considerable interest in the de- 
velopment of methods for administering 
penicillin which are both simple and efficient. 
Oral administration would be the obvious 
solution were it not for the marked irregulari- 
ty of absorotion as well as the low efficiency 
of this method with the materials thus- far 
available.*"* Various attempts have been 
made to maintain and prolong the effective 
concentrations of penicillin after parenteral 
administration with the hope of reducing the 
number of injections necessary. Most promis- 
ing at the present time is the use of a reposi- 
tory injection of a relatively large dose in a 
medium from which absorption takes place 
slowly. Among the various combinations pro- 
posed, the mixtures of beeswax in peanut 
oil have been studied most extensively.®-® 
With this method effective serum levels can 
be maintained quite regularly over a 12-hour 
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Science, 1945, 102, 666. 

2 Cutting, W. C., ct al, J. A. M. A., 1945, 
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A., 19^5, 128, 404. 

TBomansky, M. J., and Bittman, G. E., Nem 
Bngland J. Med., 1945, 233, 577. 

8 Lcitcr, W., Martin, S. P., and Kirby, H . M. M., 
Few Bngland J. Med., 1945, 233, 583 
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period and in most instances for 18 to 24 
hours, but the concentrations after more than 
12 hours following a dose of 300,000 units 
or less may be quite irregular or not measura- 
ble. While the beeswax-peanut oil mixtures 
have been used successfully in several clinics, 
their high melting point and the marked 
viscosity of the preparations make the injec- 
tions of these materials technically difficult 
for most ine.xperienced persons. Substances 
which are more easily manipulated at or- 
dinary room temperatures would be much more 
desirable. 

Freund and Thomson*® proposed the use 
of a simple, rapid technic of preparing water- 
in-oil emulsions of penicillin. The penicillin 
is put into solution in a small volume of 
saline and added to a mixture of a lanolin- 
like substance (Falba) and peanut oil and 
thoroughly emulsified before the injection. 
This method has been used by Cohn ct ald^ 
in the treatment of 52 cases of acute gonorrhea 
by the single injection of the emulsion con- 
taining 150,000 units of penicillin, with only 
2 failures. The serum levels obtained in 3 
subjects given the penicillin in this manner 
were somewhat better sustained than in 2 
others in which the same amount of penicillin 
was given in saline. Similar or identical ma- 
terials have been prepared commercially 
(Solvecillin, Pendil, Emulgen, etc.) and have 
the advantage that they flow readily at or 

10 Freund, J., and Thomson, K. J., Science, 1945, 

101, 468. 

11 Colin, A., Pkoc. Soc. E-xp. Biol, and Med., 
1945, 50, 145, 
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TABLE I. 

Effect of Pj-ridoxin Deficiencv upon Serum Antibodies. 

Average 

< ■ '■■■ ‘ 

Initial Pinal Tlivmus Agglutinin titers Hemolysin titers 

No. of body ivt. body ivt, wtj t ^ , 


Group 

Experiment 

rats 

g 

g 

g 

Avg 

Eange 

Avg 

Eange 

I 

Pyridoxin deficient 

9 

47 

S3 

.u47 

1:0.4 

0-1:4 

1:13 

0-1:80 

n 

Paired weighed 

7 

4G 

78 

.182 

1:64 

1:32-1:128 

1:412 

1:160-1:640 


Control 

S 

45 

160 

.395 

1:36 

1:10-1:80 

1:68 

1:20-1:160 


on a diet deficient in ptTidoxin but othenvise 
adequate.^ Dailt'^ weights were recorded in 
these animals. Restricted amounts of the 
complete diet were fed to the second group 
in order to duplicate the growth retardation 
produced by p3Tidoxin deficiency (paired 
weighing) . The third group received the com- 
plete diet ad libitum. During the fifth week 
of the dietaiy experiment all animals were 
immunized against washed sheep ervdhrocY'tes. 
Three intraperitoneal injections of 0.5 ml of 
a 5% suspension of red cells were administered 
on alternate da\’s. Five daj-s after the last 
injection the animals were exsanguinated un- 
der sterile precautions. Hemagglutinin and 
hemoU'sin determinations were carried out on 
individual sera by the usual method of serum 
dilution in 2-fold steps. The titer endpoints 
adopted were 3 plus for agglutinins and 2 
plus for hemolysins. 

Immediately after the bleeding the thymus 
and other organs were weighed and prepared 
for histological studj\ 

Results. The data are summarized in 
Table I. It is apparent that there occurred 
growth retardation in Groups I and II, with 
Y’eiy low quantities of circulating antibodies 
in the pjTidoxin-deficient animals. Although 
the scatter of the antibodj' values is great in 
both control groups, the difference between 
these and the deficient group is most striking. 
Of the 9 pywidoxin-deficient animals 6 showed 


no measureable agglutinins or hemolj'sins and 
3 had onl\' veiy low titers. In the 2 control 
groups all 16 animals had measurable anti- 
body titers, and 13 of these were compara- 
tiveh' high. 

The extreme degree of Ij'mphoid atroph 3 ' 
was apparent not only from the weight of 
the thymus, but also from their morpholog 3 '. 
In the thymi and h'mph nodes of the defi- 
cient animals there was observ’ed a pronounced 
reduction in the number of hunphocytes. 

Discussion. From the data presented it is 
apparent that animals fed a diet deficient in 
P3'ridoxin and then immunized exhibited lit- 
tle or no circulating antibodies. The im- 
munization was begun at a time when 
l 3 Tnphoid atroph 3 ' was advanced. From the 
data on hand, however, it cannot be decided 
that the suppression of the serum antibodies 
was a consequence of the lymphoid atrophy; 
It is possible that both alterations occur in- 
dependently in p 3 Tidoxin deficienc 3 '. Further 
stud 3 " of this point is now in progress. 

Summary. Ivlale albino rats immunized in 
a state of p 3 'ridoxin deficienc 3 ’' developed 
antibodv- levels in the serum far below those 
of inanition controls (paired weighed) and 
full controls. 

YVe wish to express our tlianks to Dr. M. Mayer 
for giving generously of bis time and advice on 
tbc immunological procedure. 
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Fio. 2. 

Serum penicillin concentrations after intramus- 
cular injections of 300,000 units of penicillin in 3 
vehicles. 


or striking difference between the results ob- 
tained in the same subject after the same 
dose given in the 2 vehicles. 

In Fig. 2 are shown the mean concentra- 
tions obtained over a 12-hour period after 
intramuscular injections of 300,000 units of 
penicillin given in saline, in Pendil, and in 
4.8% beeswax in peanut oil (Delacillin, 
Squibb), the latter being contained in a vol- 
ume of I cc. Each curve is based upon the 
results obtained in 6 subjects. It is seen that 
the maximum concentration obtained with the 
beeswax-peanut oil mixture was appreciablj' 
lower, but the levels were much better sus- 
tained than with the same dose in saline or 
in Pendil. 

Conclusions. When tested in the same sub- 
ject, the serum concentrations obtained after 
a single injection of penicillin in a water-in-oil 
emulsion were not superior to those obtained 
with the same dose given in the same volume 
of saline, and the levels were not better sus- 
tained. A dose of 300,000 units in 1 cc of 
4.8% beeswax in peanut oil gave lower maxi- 
mum concentrations, but the serum levels 
were better sustained o/er a 12-hour period. 
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Suppression of Circulating Antibodies in Pyridoxin Deficiency. 

Herbert C. Stoerk and Herman N. Eisen. 

From the Department of Pathology, College of Physicians and Surgeons, Columhia University, 

New Yorlu City. 


There has recently accumulated evidence 
to indicate that there may be an important 
relationship between lymphocytes and anti- 
bodies.^--® Data suggesting that pyridoxin 
may be a factor essential for the maintenance 
of lymphoid tissue have been reported previ- 

lEhrich, "W. F., and Harris, T. N., Science, 


945, 101, 28. 

2 D.Migherty, T. P., Chaso, J. H., and Wliito, A., 
=B0C Soc. Exp. Eion. and Med., 1944, 57, 295. 

■ s Daugherty, T. P., Chase, J. H., and A., 

Pkoc. Soc. Exp. Bioi,. and Med., 1945, 68, 135. 


ously.'*-®-® It therefore seemed of interest to 
studjr the effect of pyridoxin deficiency on 
circulating antibodies. 

Methods. Twenty-four male albino rats of 
the Sherman strain, close to 4 weeks of age, 
were divided into 3 groups of litter mates. 

The animals in the first group were weaned 

r Stoerk, H. C., and Zucker, T. P., Psoc. SoC. 
Exp. Biol, and Med., 1944, 56, 151. 

0 Stoerk, H. C., Ped. Proc., 1946, 5, 227. 

0 Stoerk, H. 0., Pboc. Soc. Exp. Biol, and Med., 
in press. 
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Chart H. 

Xiog./Log. plot of thymus ivcight on body weight in female albino rats. 


ditions probably close to optimal. 

2. To study the extent of thymic atrophy 
(accidental involution) produced by closely 
controlled experimental conditions. 

All of the e.\perimental conditions induced, 
represented adverse bodily conditions and 
were associated with growth, retardation or 
body weight loss. The extent of the harmful 
stimulus was judged by its effect on body 
weight. 

^ In all conditions where effects on thymic 
tissue were observed the lymphoid tissue ap- 
peared similarly affected. This was observed 
from the histology of lymph nodes and spleen. 

Several attempts have been made in tlie 


past to determine the norm for thymus size 
in the rat over a range of age or body 
weight.^*® Only part of the data, however, 
were collected recently enough to take into 
account the newer knowledge of the dietary 
requirements in this species. 

J Doiiuld.'son, H. H,, T/ic Jiat, 1924, Mem. tVist.ir 
Inst. 

e.T.ick.son, C. M., Anat. Jicc., 1937, 08, 371. 

a W.itanabe, T., Tran.?. Jap. Path. Sac., 1929, 
17, 332. 

^ Moment, G. B., J. Pxp. Zooh, 1933, 05, 359. 

Lav.son, II. D., ft of.. Endocrinology, 1942, 
31, 12.9. 

<• Stnerk, II. C., Endocrinology, 1944, 34, 329. 
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Effects of Calcium Deficiency and Pyridoxin Deficiency on Thymic 
Atrophy (Accidental Involution). 

Herbert C. Stoerk. 

From the Department of Pathotogp, College of Physicians anil Snrgcons, Colnnihia Unircrsily, 

Xcw Tori; City. 

In a variet3r of experimental conditions specificity of the observed effect, however, was 
atrophic thymus glands have been described not ascertained bj^ sufficient controls, 
by man}^ observers. In many of the cases In the following it has been attempted: 

this atroph}' has been attributed to the varia- 1. To establish the approximate norm for 

ble introduced by the experiment. The thj'mus size in albino rats raised under con- 
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8 WKS OLD 

(4 WKS ON EXPERIMENT) 

% DEFICIT . 

OF THYMUS WT. ' 



% DEFICIT OF BODY WT. 

Chart IV. 

Relationship between body weight deficit and thvimis weiglit deficit. 


growth on a complete ration was considered 
as an abnormality and thymus weights in 
such animals were excluded from the use as 
controls. 

The accepted norm of thymus weight was 
obtained with any of several complete diets, 
provided that growth was optimal. None of 
these diets had an apparent effect per sc on 
thtmus weight. 

Chart I presents a log/log plot of thymus 
weight on body weight of male albinos of 
Sherman strain from our stock colonj'^ 
as compared with other data from the litera- 
ture. The band includes the range of our 


data obtained from 115 animals that grew 
either optimally or recovered from previous 
growth disturbance. As reported previously 
an identical range of thymus weights on body 
weight was obtained in 56 male rats, castrated 
or adrenalectomized 3-4 weeks before killing.® 
Jackson and Moment who employed animals 
growing close to optimally have obtained 
thymus weights as high as those found in 
our controls, or even somewhat higher. Fair 
agreement of all data is evident in the earlier 
part of the rat’s life. The Oiymus weights 
from about 100 g of bod}’ weight on in Don- 
aldson’s (Wistar rat) and Watanabe’s data 
and in our own earlier observations are sig- 
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Caiart III. 

Kange of thymus weiglifs obtained from animals growing optimally (Chart I), compared with experi- 
mental data. 


Recently Zucker and Zucker" have shown 
that in albino rats fed an adequate stock 
ration, there exists a simple body weight time 
relation. Their growth formula applied not 
only to large numbers of rats of their own 
colony but also to data of others who em- 
ployed complete diets. This body weight 
time relationship, obviously cannot be ob- 
tained when factors other than dietary inter- 
fere with normal growth. Such a factor ex- 
ists in most rat colonies in form of a large 
variety of known and unknown diseases. 

In the early stages of this investigation a 
relatively large number of thymus weights 


was recorded from animals of our stock col- 
ony (Sherman strain) kept on a complete 
ration (Rockland rat diet). Growth records 
as far as available shmved optimal growth 
only in isolated cases. Later care was taken 
to improve the living conditions of the ani- 
mals and to follow their growth regularly. 
It became evident then that animals showing 
optimal growth had larger thymus glands than 
undersized rats. The cause of the growth 
retardation in the undersized animals was not 
known but the failure to obtain optimal 

r Zucker, L., .md Zucker, T. P,, .1. Ge/i. Physiol./ 
1942 , 25 , 445 . 
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Cliart IV. 

Helatioiisliii] between boily wciglit deficit and tliyimis weight deficit. 


growth on a complete ration was considered 
as an abnormality and thymus weights in 
such animals were e.Ycluded from the use as 
controls. 

The accepted norm of tht^mus weight was 
obtained with anj’’ of several complete diets, 
provided that growth was optimal. None of 
these diets had an apparent effect per sc on 
thymus weight. 

Chart I presents a log/log plot of thymus 
weight on bod3' weight of male albinos of 
the Sherman strain from our stock colony 
as compared with other data from the litera- 
ture. The band includes the range of our 


data obtained from 115 animals that grew’ 
either optimalh’ or recovered from previous 
growth disturbance. .A.s reported previously 
an identical range of th\'mus weights on bodj’ 
weight was obtained in 56 male rats, castrated 
or adrenalectomized 3-4 weeks before killing.® 
Jackson and Moment who emploj’ed animals 
growing close to optimallj’ have obtained 
thymus weights as high as those found in 
our controls, or even somewhat higher. Fair 
agreement of all data is evident in the earlier 
part of the rat’s life. The thj-mus weights 
from about 100 g of bod\- weight on in Don- 
aldson’s (Wistar rat) and Watanabe’s data 
and in our own earlier observations are sig- 
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(4 WEEKS ON partially OEEICIENT DIET) 
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Chart V. 

Eange of data in Chart II compared with cxiicr.'mental data.9 


nificantly lower than the accepted norm. In 
these 3 groups the growth of the animals was 
below optimal. 

Chart II presents a similar plot illustrating 
thymus growth on body weight in the female 


albino. 

Chart III gives a comparison of experi- 
mental data in the 8-week-old male. The 
band again represents the range of ‘h® ac- 
cepted norm. A number of adverse dietary 
conditions, mostly produced by th e omission 

n N and Zuchcr, T. F., Abstracts 10 (th A. C. S 

1 ;i n Anril 1044. Tlie thrmi of 
Meeting, Cleveland, 0., April, i. • 

tuc animals deficient m single B-f actors 

Lily given to iisb, the above authors. 


of a single substance, from the diet, have 
been induced for a period of 4 weefe.* It 
seen that in most of these conditions the 
thymus ceased to grow or was slightly atrophic 
when body growth was retarded.- -In defi- 
ciency of B-complex and in thiamin defi- 
ciency growth retardation was marked and 
was followed in the latter part of the experi- 
ment by body weight loss. In these 2 cases, 
thymic atrophy was extreme. Advance 
thymic atrophy without marked effect on body 
weight was observed only in pyridoxin de- 
ficiency. Similar findings in the female rat 
have been reported previously .^ No retarda- 

a.Stoork, H. C., and Zucker, T. F., ProcTs^ 
Exp. Biol, .v.n’d Med., 1.'144, 30 , lol. 
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THYMUS 8WKS. OLD ALBINO RATS,4WKS. ON DIETS. 

Deficiencies; 


! Complete diet 


B-complex'*Thiamin • Riboflavin • Pantothenic acid "Pyridoxin 


v;?*' 



0^ 


c ■ , 

fS 
R-Jl ■ 

■sf 


Fig- 1- 

Tlip sections of tlivmus arc representative of tlic {ilands closest to tlic average weiglit in the respec- 
tivn group, except for those in tliiamin and pyridoxin deficiency where tlie smallest and the largest gland 
in the group have been photographed. (Actual maximal diameter of control gland 10 mm). 


tion of thymus growth was evident when body 
growth retardation and even weight loss ivas 
produced by calcium deficiency. 

The above data are compared in Chart IV 
where the thymus weight deficit in percent 
below that of the controls is plotted against 
the body weight deficit calculated on the 
same basis. Roughly most values obtained 
fit a straight line, the slope of which is about 
1.5. Alarked deviations from this, approxi- 
mate straight line relationship are evident in 
2 cases. In pyridoxin deficiency the thymus 
weight deficit in relation to body weight 
deficit was unduly high; in Ca deficiency 
this ratio was lower than expected. The 
latter finding is analogous to what is observed 
on proper comparison, in gonadal and adrenal 
insufficiency.® This occurrence in Ca defi- 
ciency is apparently not related to hypo- 
calcemia since parathyroidectomized rats did 
not show a discrepancy between body weight 
and thymus weight deficit.® 

The specific effect of pyridoxine deficiency 


in producing thymic atrophy is also brought 
out from the data plotted in Chart V. In 
this experiment partial deficiencies of single 
B-factors are compared in female rats. Body 
growth was almost identical in all groups ex- 
cept that the animals receiving low thiamin 
lost weight towards the end of the experiment. 
Actual thymic atrophv’- was found only in 
the animals partially deficient in pyridoxin. 

In Fig. 1 the histology of glands, of female 
rats representative of their group, is com- 
pared in animals deficient in B-complex, and 
deficient in single B-factors. It is seen that 
the marked effect of pj'ridoxin deficiency on 
the thymus is also obvious from the 
morphology. Lymph nodes in these animals 
were likewise greatly depleted of lymphocytes. 

Fig. 2 shows a microphotograph of an 
atrophic thymus gland representative of those 
of 10 mice fed a diet deficient in pyridoxin 
and injected with .2 mg Desoxypyrido.xin 
(kindly supplied by iSIerck & Co.) 2 times 

*•> Uiipublislied observations. 
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GMS. BODY WT. 

Cfliart Y. 

Eange of data in Chart II compared with c.xpcr.’mental data.o 


nificantly lower than the accepted norm. In 
these 3 groups the growth of the animals was 
below optimal. 

Chart II presents a similar plot illustrating 
thymus growth on body weight in the female 


albino. 

Chart III gives a comparison of experi- 
mental data in the 8-week-old male. The 
band again represents the range of the ac- 
cented norm. A number of adverse dietary 
conditions, mostly prod uced by the omission 

B N and Zucher, T. F., Abstracts lOrth A. C. S 
Sorting, Cleveland, 0., April, 1944. The thymr of 
animalB deficient in single B-faetors were 
kindly given to ns by the above anthers. 


of a single substance, from the diet, have 
been induced for a period of 4 weeks.* It is 
seen that in most of these conditions the 
thymus ceased to grow or was slightly atrophic 
when body growth was retarded.- In defi- 
ciency of B-complex and in thiamin defi- 
ciency growth retardation was marked ana 
was followed in the latter part of the e.xperi- 
ment by body weight loss. In these 2 cases, 
thymic atrophy was extreme. Advance 
thymic atrophy without marked effect on body 
weight was observed onty in pyridoxin de- 
ficiency. Similar findings in the female rat 
have been repor ted previously.^ No reta rda- 

sstoork, H. Soc. 

Exp. Bioi.. .\xd Med., 1914, HO, lol- 
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Pig. 2. 

Thymus of mouse injected ivitli desoxypyridoxin. 
Note pyonosis and fragmentation of lympliocj’tes. 
Tlie cortical tissue was markedly reduced in amount. 

daily over 3 days. The thymi of the injected 
animals weighed about 50% less than those 
of non-injected controls. Further studies are 
necessary to ascertain that no toxic effects 
are responsible for this change. 

The apparently specific effect of even rela- 
tively mild pyridoxin deficiency in producing 
lymphoid atrophy suggests the possibility 


that pyridoxin may be essential for the main- 
tenance of lymphocytes. This possibility has 
become of increased interest with the recent 
finding that a desoxypyridoxin is a powerful 
inhibitor of B-6.’® This preparation may 
therefore perhaps be helpful in the treatment 
of tumors of the lymphoid tissue. The role 
recentlj’^ attributed to lymphocytes in rela- 
tion to antibodies, and the finding that 
pyridoxin deficiency suppresses circulating 
antibodies'^ suggests the possibility that 
desoxypyridoxin may be used in order to 
interfere ivith undesired antibody formation. 
Investigations in these directions are being 
carried out. 

Sinitmary. In male albino rats (8 weeks 
of age) exposed to a number of adverse dietarv 
conditions, an approximately linear relation- 
ship was found between the amount of body 
weight deficit and the thymus weight deficit. 
There were 2 exceptions from this apparent 
rule: (1) in pyridoxin deficiency, the amount 
of thymus weight deficit was much greater 
than expected from the obtained body weight 
deficit; (2) in calcium deficiency an op- 
posite effect was observed. Here the thymi 
of undersized animals were of the same weight 
as those of younger, normal animals of the 
same body weight. 

i« Ott, tv. H., Proc. Soc. Bxp. Bioc. axd ifeD., 
1040 , 01 , 125 . 

II Sfoerk, H. C., and Eisen, H. N., Proc. Soc. 
E.xi>. Biol. .\xd Med., 1946, in press. 
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Significance of Antigenic Differences Among Strains of Influenza A Virus 

in Reinfection of Ferrets.*" 

John Y. Sugg and T. P. Magile. 

From the Department of Bacteriology and Immunology, Cornell University Medical College, 

Mew Fort, N . T . 


The present paper presents data concerning 
the significance of the antigenic differences 
among strains of influenza A virus in the re- 
infection of ferrets. It has been commonly 
accepted^"® that following an influenza virus 
infection those animals are, for a time there- 
after, “solidly Immune” to reinfection with 
that same strain. However, there are few 
data showing whether or not during the period 
of “solid immunity” to one strain, ferrets 
would fail to show clinical manifestations when 
reinoculated with strains of virus antigenically 
related to but different from the strain used 
for the original infection. 

Materials and Methods. Ferrets were in- 
oculated intranasally either with influenza A 
virus or with control material. A febrile re- 
action following inoculation was taken as the 
index of clinical infection. Pools of infected 
allantoic fluid served as the source of virus 
and uninfected allantoic fluid was used for 
the control material. The pools of allantoic 

* From tlie Strain Stud}’ Center, Commission on 
Influenza, Board for the Investigation and 
Control of Influenza and Other Epidemic Diseases 
in the Army, Preventive Medicine Sen’icc, Oflice 
of the Surgeon General, United States Army. 

t .Smith, W., Andrewes, C. II., and Daidlaw, 
P. P., Lanect, 1933, 2, CC. 

2 Francis, T., .Tr., and Stuart-Harris, C. EC., 
.r. Exp. Mc(J., 193S, 08, 813. 

3 Francis, T., Jr., ,T. Exp. Med., 1939, CO, 283. 


fluid were collected before the start of the 
study and were preserved in the CO 2 ice chest 
until immediately before use. The ferrets 
were anesthetized by intraperitoneal injections 
of nembutal. While anesthetized, the ani- 
mals were bled from the heart and then were 
given 1.5 cc of inoculum intranasally. In 
addition to the bleedings made at the time 
of inoculation, blood was obtained from each 
animal during the period of convalescence. 
The virus-neutralizing antibody content of 
each serum was determined by means of the 
mouse protection test; the titers are expressed 
in terms of the initial dilution of serum which 
protected 50^ of the mice from death.^ All 
serums showing protection when diluted 
1-1024 or more are recorded as having an 
antibody liter of 2'®. 

Five groups of 3 ferrets each were used. 
Three groups (9 animals) were infected with 
the CC® strain of influenza A virus; the 6 
remaining animals which were to serve as con- 
trols, were inoculated with uninfected allantoic 
fluid. Six weeks later all of the animals were 
reinoculated; 3 infected and 3 control animals 
received the CC strain of virus, 3 infected 
and 3 controls received the antigenically re- 
lated WS^ strain, and 3 infected animals re- 

•* Heed, L. .1., and Muoncli, H., ^m. J. Hyg., 
1938, 27, 493. 

•"•M.agill, T. P., and Sugg, J. Y., Pr.oc. Soc. 
Exp. Bioi- .4X-d Med., 1943, 53, 104. 
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Strain Differences in Influenza Reinfection 


Chast 1. 

Gronp data. Antibody titers at the time of, and temperature courses folloiving, reinoeula’ 
tion of different strains of influenza virus, , 



ceived uninfected allantoic fluid. Four weeks 
after the second inoculation all of the animals 
were inoculated intranasally with the WS 

strain. , . , , . 

Results. Temperatures obtained during the 

4-day periods follomng each inoculation, to- 
eether with antibody titers of the serums ob- 
tained at various intervak of time are pre- 
sented in Chart 1 and in Table I. ^he 
suits of the neutralization tests with the ser- 
ums obtained at the time of the first inocula- 
Sn are omitted because none of those serums 
pressed demonstrable anUbodies against 
either the CC or the WS strains. 

Chart 1 shows graphically, for each of the 
5 erouis the average antibody titer at the 

Le of inoculation and the average tempera- 
o /-nurse follovdng inoculation. Each tern 
ture cours antibody titer repre- 

r‘”S.'^"ra« from 3 

Lept in the case of Group A, inocu- 


veloped an ear infection following inoculation 
2 and was discarded. 

It is evident (Chart 1) that 4 to 10 weeks 
following the initial infection ferrets were 
susceptible to clinical reinfection with influ- 
enza virus. The susceptibility to reinfection 
was influenced by the strain of virus used for 
reinoculation and V previous antigenic 
experience of the animals. Inoculation 2 
shows the influence of the strain of virus used 
for reinoculation upon the febrile responses 
of ferrets which had had the same previous 
antigenic experiences. Groups C, D and E all 
had been initially infected with CC virus. 
When retested 6 weeks later, the Group C 
animals, which were inoculated with the anti- 
genically related but different WS strain, gave 
a pronounced febrile response. On the other 
hand, the Group E animals, which were re- 
tested with CC, showed no more evidence 
of clinical infection than did the Group D 
animals which received uninfected aUantoic 


ANTIBODY TITERS 




Filamentous Forms of Newcastle Virus 


other, although antigenically related strains. 

The results indicate that for a constant 
amount of virus there was a critical level of 
specific antibodies which separated a state 
of relative resistance from a state of relative 
susceptibilitj-. However, the height of titer 
at the time of inoculation was not alwa 3 ’s an 
index of the resistance of the animal to clinical 
infection. When ferrets which had approxi- 
mated the same titers of specific antibodies 
were inoculated with the same amount of the 
same virus suspension, the animals which had 
had the more extensive previous experience 
with influenza virus strains were likewise the 
more resistant to clinical infection. The more 
extensive experience apparentd endowed those 
animals with a more active immunological 
mechanism which enabled them to mobilize 


more quickly a higher concentration of strain- 
specific antibodies. In so far as protection 
against clinical infection is concerned the 
protective effect of antibodies is not limited 
to the quantid present at the time of inocula- 
tion but is dependent upon the amount made 
available before the infecting agent has mul- 
tiplied suffidenth^ to evoke clinical manifesta- 
tions. 

Summary. Four to 10 weeks following an 
initial infection with influenza A virus, ferrets 
were found to be immune to clinical reinfec- 
tion with that same strain of virus but were 
susceptible to reinfection with a strain of virus 
which was antigenically related to but differ- 
ent from the strain used for the original in- 
fection. 
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Filamentous Forms of Newcastle Virus. 

F. B. Bang. (Introduced by Carl TenBroeck.) 

From the }!ocJ:c/ellcr Institute for Medical Research, Princeton, JN’.J. 


Relatively few of the animal viruses have 
been purified and studied under the electron 
microscope.' This preliminar}’- report deals 
with the causative agent of Newcastle disease 
of chickens. 

Four strains of virus have been studied, 

2 isolated in New Jersey, 2 in California. 
Strain B was isolated from a field case by 
Dr. F. R. Beaudette and furnished to us in 
the 1st embryo passage. Strain W was iso- 
lated by us from an outbreak of the disease in 
a flock of White Leghorns at Bound Brook, 
N. J. Strain Nap is a laboratory strain iso- 
lated by Dr. J. R. Beach in California. These 

3 strains are identified as Newcastle virus 
by their behavior in the developing chick 
embrj-o, which they kilt with specific hemor- 
rhagic lesions of the brain, feather follicles, 
and entire embryo in 4S to 84 hours,” by 
their ability to agglutinate chicken red blood 

1 Wyckotr, E. tv. G., Science, 104G, 104, 21. 

2 Burnet, F. JI., .lust. J. Exp. Eiol. and Med. 
Sci., 1942, 20, SI. 


cells, by the neutralization of these effects 
b\' specific antisera against known strains, 
and by the reproduction of the natural disease 
in chickens.-"''* Strain Cgl79, also furnished 
bi' Dr. Beach, is highly virulent for chickens 
and is specificalh- neutralized b\- antisera in 
the embryo. 

All four of these strains when partiallj- puri- 
fied from allantoic fluid bj- 2 cj’cles of dif- 
ferential ultracentrifugation show filamentous 
forms which predominate on the screen of 
the electron microscope. (Fig. 1 and 2); the 
phagelike structure is not a constant feature 
of our preparations, but at no time have we 
failed to demonstrate filamentous forms. That 
these forms represent active virus is indi- 
cated b\' their presence in concentrates of 
the allantoic fluid as early as 24 hours after 
inoculation until 48 to 72 hours when death of 
the embryo occurs; by their presence at tem- 

SBenudettc, F. B., Conirll Pet., 1940, 3C, 105. 

.1. E., J. .Im. Vet. Med. A.^sn., 1940, 

108, 372. 
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fluid. Inoculation 3 shows the influence of 
the previous antigenic experience upon the 
responses of ferrets which were inoculated 
with the same amount of the same virus sus- 
pension. Groups A and D, whose previous 
influenza virus experience consisted of one 
inoculation with CC (respectively, 4 and 10 
weeks previously), had definite febrile re- 
sponses following inoculation of WS virus. In 
contrast, the Group E animals whose previous 
influenza virus experience likewise had been 
limited to contact with CC but who had re- 
ceived 2 inoculations of that virus (4 and 10 
weeks previously) proved to be clinically im- 
mune, as did Groups B and C, which had 
undergone previous infection with WS. 

The influence of the strain of virus used 
for inoculation, and also the influence of the 
previous antigenic experience were associated 
with the height of titer of strain-specific anti- 
bodies. Comparison of the antibody titers at 
the time of inoculation with the subsequent 
temperature courses shows that all groups 
which gave evidence of clinical infections when 
retested (Group C, inoculation 2; and Groups 
A and D, inoculation 3) had lower average 
titers of antibodies reactive with the strain 
used for the reinoculation than did any of 
the groups found to be immune to clinical 
reinfection (Group E, inoculation 2, and 
Groups B, C and E, inoculation 3). The 
lowest titer of the clinically immune groups 
occurred in Group E, inoculation 3, and was 
slightly less than 2'; the highest titer of 
the clinically susceptible groups occurred in 
Group A, inoculation 3, and was slightly more 
than 1?. ’ Thus, the group data indicate that 
there was a critical antibody level which 
separated a state of relative susceptibility 
from a. state of- relative-resistance, and that 
the strain-specific titer at the time of inocula- 
tion can be taken as an index of that critical 
antibody level. However, that titer is not 
Lcessar^ly an index of the total amount o 
antibodies which will be available to combat 
Snical infection because the speed with whmh 
the animal can produce additional antibodies 
must also be taken into consideration. That 
the sneed of response is influenced by the 


Table I shows that Ferrets No. 13 and 14 
(Group E), at the time of inoculation 3, 
had WS antibody titers of 2°-'’ and 2®-® but 
showed no signs of infection following inocula- 
tion. In contrast. Ferrets No. 2 and 3 
(Group A) both had titers of 2^-^ against WS 
yet they gave a mild febrile response follow- 
ing inoculation of that strain of virus. The 
difference between a titer of 2®-® on the one 
hand and of 2®-" or 2^® on the other hand 
probably is insignificant and hardly can ex- 
plain the difference in the responses of those 
animals to inoculation of the WS strain of 
virus. There was, hoivever, a significant dif- 
ference in the previous influenza virus ex- 
perience of these ferrets. The more resistant 
animals (No. 13 and 14) had had the more 
extensive experience in that they had had 2 
inoculations of the CC strain whereas Ferrets 
No. 2 and 3 had had only one. That the 
additional experience conditioned the immuno- 
logical mechanism to respond more quickly is 
suggested by the fact that 2 weeks subse- 
quent to inoculation Ferrets No. 13 and 14 
had significantly higher WS antibody titers 
than did Ferrets No. 2 and 3. A sufficiently 
quick antibody response obviously would have 
enabled the animals to render the virus in- 
effective before it had multiplied enough to 
produce symptoms of clinical infection, ir- 
respective of the antibody titer at the time 
of inoculation. 

Discussion. The present investigation dealt 
with the resistance of ferrets to clinical rein- 
fection with antigenically related but differ- 
ent strains of influenza virus. The main 
point was that 4 to 10 weeks following an 
initial infection the animals, in all cases, were 
immune to reinfection with the same strain, 
but were susceptible to reinfection with a 
strain of virus which was antigenically related 
to but different from the strain used for the 
original infection. It would seem, therefore, 
that the antigenic differences which are known 
to exist among the A strains of influenza 
virus are of sufficient magnitude to be of 
practical importance in problems dealing with 
immunity to influenza. For example, an im- 
munization procedure might be adequate to 
produce a high degree of resistance to infec- 
tion with some strains of influenza virus but 
afford little protection against infection with 
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TABLE I. 


Purification of Newcastle A'irus by Eltracentrifugation. 


Exp. No. 

Original m.iterial 


1st supernatant 

Titer by 

X rag/ce 

Titer by 

Embr3*o 

inoculation 

Chicken r.b.c. 
.agglutination 

Embryo 

inocuhition 

Chicken r.b.c. 
agglutination X mg/cc 

1 

10'->-‘ 

1/4000 

.48 

lOn.o 

1/20 .47 

O 

10S.3 

1/SOO 


lOr-.r 

1/10 

3 

lOS.T 

1/400 


loe.-a 

1/10 

4 

lOS.S 

1/1600 



Undiluted 

5 

10S.3 

1/3200 



1/16 

6 

lOS.V 

1/800 



Undiluted 


Exp. Xo. 


Final concentrate 


Titer bv 

f \ 

Embrro Chicken r.b.c. 

inoculation agglutination 

X' mg/cc 

Titer/ 
g protein 

1 


1/4000 

.014 

1015.4 

O 

los.r 

1/400 

.007 

1014.1 

3 

10!>.3 

1/400 

.01 

1014.8 

4 

lOa.fi 

1/800 

.008 

1014.4 

5 

lOo.n 

1/3200 

.004 

1014.7 

6 

lOs.n 

1/800 

.0036 

1014.4 




Average lOH-O 


Virus was titered by calculating the oO^?- end point mortality after inoculation of 10-11 day 
cliorioallantoie membranes. Since by Avagadro’s law a gram of a substance with a molecular 
weight of 450 million would contain 1.3 X lOi-'' particles, and since the .average preparation 
here titered to 10U.« or 4 X lOW, there is a three-fold difference between actual and possible 
end points. The crudeness of the method of titration does not warrant further calculation. 


fectivity is lost. 

We have not seen these forms in prepara- 
tions of allantoic fluid containing the same 
concentration of virus before purification and 
resuspension in phosphate buffered saline solu- 
tion. Whether this is due to a masking of 
form by the allantoic fluid in which the virus 
exists or whether it is due to a change of shape 


on transfer into a new medium is undeter- 
mined as yet. 

Stunmary. Studies on purified preparations 
of Newcastle virus of chickens demonstrate 
that this virus may be filamentous or string}' 
in form, sometimes with a large head, ap- 
proaching the tailed forms of the bacteri- 
ophages or bacterial viruses. 
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Filamentous Forms of Newcastle Virus 
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Fig. 1. (Left) . 

Electron microscope photograpli of concentrate of strain B Newcastle virus. 0.01% formal- 
aehyde 2 days. X 1<,200. (Eight). 

Concentrate prepared immediately after centrifugation and resuspcnsion in buifcred saline. 

X 17,200. 



Effect of immune f ‘^'^Control^sera failed 

after the additmn of 200. 

to agglutinate v.rus. X , 


peratures of incubation of the inoculated em- 
bryo from 35° to 39°C; by the stability of 
the virus during centrifugation {see Table I); 
and by the facts that calculations of size and 
weight of the virus by electronscope microgra- 
phy and by light scattering measurements® 
yield a size of about 11 S mp and a molecular 
weight of 450 million,* which on the basis of 
demonstrated infectivity for the embryo (Ta- 
ble I) indicates that 10 or less particles are 
able to infect the embryo; that concentrates 
of the virus ma}^ be specifically precipitated 
by antisera and electron microscope pictures 
show the filamentous forms to be clumped 
by these antisera; and that the sharpness of 
outline of these forms is gradually lost as the 
suspension stands and as chick embryo in- 

sOstcr, G., Science, ISiG, 103, 306. 

♦Wc .ure indebted to Dr. E. M. Herriott for 
these dctermin.itions. 
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TABLE T. 


Incidence of Deaths in Embryos and Bcsults of Tissue Assays for Virus in Individual Egg 

Passages. 


Passnge No. 

Route of 
inoculatiou 

Incidence of deaths 
in embryos 

Tissues assayed 

M.I.D.^ of virus 
per g tissue 

3 

C-A» 

11/12J 




T-St 


Heads 

4 X 10^ 


I-Et 







G-A 

4 X 105 

5 

C-A 

5/5 

Heads 

4 X lOr. 




Viscera 

4 X IOC 




C-A 

4 X 104 


Y-S 

4/3 

Heads 

4 X IOC 




Viscera 

4 X 107 


I-E 

3/4 

Brain 

4 X 10-7 

0 

C-A 

5/6 

Heads 

4 X 100 


Y-S 

5/0 

Viscera 

4 X 107 

7 

C-A 

5/6 

Heads 

4 X lOO 


Y-S 

3/4 

Viscera 

4 X 100 

8 

C-A 

3/6 

Heads 

4 X IOC 


Y-S 

0/6 

Viscera 

4 X lOO 

10 il 

C-A 

2/6 

Heads 

4 X lOO 


Y-S 

3/6 

A’'iscera 

4 X 100 

11 

C-A 

5/6 

Heads 

4 X 107 

12 

C-A 

11/18 


4 X IOC 

13;! 

C-A 

5/13 

> t 

4 X 105 

14 

0-A 

14/19 

f > 

4 X 103 


* Chorioallantoic route, 
t Yolk-sac route, 
i Intra-embryonic route. 

^ Denominator -r total number of eggs inoculated; numerator, number of deaths in em- 
bryos between the 2nd and 5th days. 

II Inoculated eggs incubated at ST'C, instead of 33°C. 

5 M.I.D. = minimal infectious doses. 


During the first 5 passages, groups of eggs 
were inoculated by one of 3 different routes; 
(a) chorioallantois according to Burnet,^*' (b) 
into the yolk sac according to Cos,^® and (c) 
intraembiy'onically according to Elmendorf 
and Smith.'' .After inoculation, the eggs were 
incubated at 35 °C and were candled daily 
over a period of 5 days to determine the via- 
bility of the embryos. A high per cent became 
nonviable. .A few which became nonviable 

L" Burnet. F. M.. Medical Research Council, 
Special Rc])orts Scries No. 220, 1930, pp. 1-58. 

lucox, II. K., r. S. Pub. nrnWt Prp., 1938. 

r,:t. 2241. 

ir Elmendorf, ,T. E., and Smith, H. II., Pr.oc. 
Soe. E.vr. Biol. .\nt> Mkd.. 1937, 3C, 171. 


within 24 hours were discarded. Eggs in 
which death of the embryo occurred between 
the 2nd and 5th day were stored in a re- 
frigerator at 4°C. On the 5th day all of the 
embryos were harv'ested, including those still 
viable; the material was pooled and prepared 
for passage to the nest group of eggs. In 
preparing the material for the next passage, 
the heads and necks of the individual em- 
bryos were pooled and ground in a mortar 
to a uniform paste. This was emulsified in 
broth to make a lO^o suspension. .After 
centrifugation at 2000 r.p.m. for 10 minutes 
the supernatant was filtered through a coarse 
Mandler candle. One-tenth ml of this filtrate 
served as the inoculum for the next passage. 
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Cultivation of the Murine SK Strain of Poliomyelitis Virus in 
Developing Eggs.* 


Edwin W. Schultz and John B. Enright. 

From ilie Department of Bacteriology and Experimental Pathology, School of iicclicinc, 

Stanford University, Calif. 


Dunham and Parker/ Card,- and recently 
Riordan and Sa-Fleitas^ have reported the 
cultivation of Theiler’s mouse encephalomyeli- 
tis virus in developing eggs. Similar attempts 
to propagate strains of human poliomyelitis 
virus in eggs have failed/"" a doubtful re- 
sult, in which one monkey inoculated with 
egg passage material developed paralysis long 
after the usual incubation period, has been 
reported by Card.® 

The present report deals with the propaga- 
tion in fertile eggs of the murine SK strain 
of poliomyelitis virus described by Junge- 
blut and Sanders® as a strain they had adapted 
to mice from a monkey passage virus, original- 
ly isolated by Trask, Vignec, and PauP® 
from the stools of a child with nonparalytic 
poliomyelitis. Unlike the mouse-adapted 
Lansing strain,“ this strain no longer readily 
induces typical poliomyelitis in monkeys.^® It 
is distinctive also in that it attains high con- 


* Supported by tlie Howard Frost Poliomyelitis 
Eescarcli Fund. 

1 Dunham, W. B., and Parker, Sue, J. Bact., 
194.S, 45, 80. 

2 Gard, S., Jeta 3Ied. Scand. (Suppl), 1943, 143. 

3 Eiordan, .T. T., and Sa-Fleitas, M. J., Science, 
1946, 103, 499. 

■ 4 Burnet, F. M., 3Ied. J. Australia, 193o, 1, 46. 
• 3 East, Clara, and Kolmer, J. A., J. Infect. Dts., 


37, 61, 60. 

ostimpert, F. D., Proc. Soc. Exp. Biol, and 

ED., 1939, 41, 483. , , j c 

7 Gavrilov, M. I'"-, and Fester, A., Arch. f. Ges. 

• SI*., 0. y, ..a r.,. 

ROC. Soc. EXP. Biol, and Hed 1938, 38, 14 , 


1719. 


lejungeblut, C. H •, 


Sanders, H., and Feincr, 


. :;.w wi., 1942, 75, on. 


centrations in mice and is infectious for them 
by a variety of routes. 

Sanders and JungebluU® in 1942 reported 
the cultivation of this strain in serum ultra- 
filtrate containing embryonic mouse tissue and 
made observations on the conditions which 
favor its growth. The amount of growth 
wrns influenced bj’' the relative amount of 
nervous tissue represented in the cultures and 
ivas greatest in the presence of brain tissue. 
No growth was obtained when embryonic 
chick tissue was used in place of mouse tissue, 
and none was obtained in embryonated eggs. 
Schultz and Irwin^’* were able to confirm the 
multiplication of this strain in the presence 
of minced embryo mouse brain tissue and 
serum ultrafiltrate. The virus was carried 
through 14 culture passages. It was also 
carried through a similar number of passages 
in which minced mouse embryo intestines was 
used in place of brain tissue. The mouse- 
adapted Lansing strain of poliomyelitis virus 
failed to show growth under similar condi- 
tions. Chick embrj'o tissue was not tried. 

The present observations w’ere made on 
fertile eggs incubated for 9 da 3 's at 100°F 
in an egg incubator. The initial inoculum 
consisted of 0.1 ml of a 10 "® dilution of filtered 
mouse brain suspension, prepared as follows: 
A 10% mouse brain suspension in broth was 
filtered through a coarse Handler candle and 
diluted serially, in 10-fold dilutions with broth, 
through to a final dilution of 10"', counting 
the unfiltered dilution as lO'i. The 10"® 
dilution induced infection in 3 out of 3 mice 
inoculated with 0.025 ml of the dilution in- 
tracranially; the 10"® dilution induced infec- 
tion in 2 out of 4 mice, while 10"” dilution 
failed to induce infection in all of 5 mice so 
inoculated. 

13 .S.mders, M., .nut Juiigeblut, C. W., J. Exp. 
Jlcd., 1942, 75, 631. 

14 Schultz, E. IV., .nnd Irwin, Eliznbeth A., un- 
published obsen’ations. 
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TABLE I. 

Effect of Biotin nnd Inositol on. Hnir Loss (Experiment I). 


Lot Xo. 

B.ition 

Total Xo. 
of rat. s 

Xo. of rats 
showing 
hair los.s 

Avg wt in g 
after G wks 
(initial 
lyt, 40 g) 

1 

.Sovbe.in oil meal basal 

20 

13 

135 

O 

•S.O.M. basal -j- 0.19i inositol 

32 

23 

141 

3 

S.O.JI. basal -f 0.1% inositol -f- 4 jtg biotin 
daily (oral) 

32 

0* 

141 

4 

S.O.M. basal -f- 0.1% inositol -f- 4 pg biotin 
dailv (in.i) 

24 

0» 

144 

5 

S.O.M. basal -J- 0.3% inositol 

G 

0 

132 

G 

Raw soybean oil meal basal 

22 

15 

94 

7 

Raw S.O.M. basal -l 1 biotin daily (oral) 

14 

O 

104 

s 

Raw .S.O.M. basal -J- 0.3% inositol 

8 

0 

91 


* In each of these groups there was one rat which showed early signs of hair loss but spon- 
taneous cure followed. 


manner bring out a need for one or both of 
these vitamins. It is well known that the 
inclusion of a sulfonamide drug in a purified 
ration may give rise to biotin and inositol 
deficiencies.''- The drug probabty acts by 
increasing the demands of the organism be- 
3 'ond its sj’nthetic capacities for the factors 
or by inhibiting intestinal organisms which 
ordinarily act as a source of these factors.®'^ 
.“iLn inositol deficiencj' has also been produced 
by feeding a ration composed largely of com, 
soj'bean oil meal and alfalfa.® It was sug- 
gested that the need for inositol when this 
natural ration was fed was the result of a 
vitamin imbalance or of some change in the 
intestinal flora. A biotin deficiency will also 
result if a ration containing raw egg white 
is fed.'’’’' The avidin of the egg white com- 
bines with the biotin in the intestinal tract 
thus forming a complex which is unavailable 
to the rat.® 

1 Xicl.'cn, E., and Elvehjem, C. A., J. Siol. 
Chem., 1942, 145, 713. 

- XicI.ecn, E., and Black, A., Proc. Soc. Exp. 
Biol. .\xd Med., 1944, 55, 14. 

3 Woolley, D. W.. J. y utrition, 1944, 28, 3U5. 

A'iclfcn, E., and Black, ,7. AiUrilioii, 1944, 
28, 203. 

•' Ciinlia, T. .1., Kirkwood, .8., Pliillips, P. H., 
and Bolistedt, G., Piioc. Soc. Exi>. Biol. .4xd 
Med., 1942, 54, 23G. 

c Boa«, M. .V., Siochem. J., 1927, 21, 712. 

7Xi('I.=cn, E., and Elvelijem, C. A., J. Biol. 
Chem., 1942, 144, 40.7. 

f> Eakin, It. E.. Snell, E. E., and Williams, It. J,, 
.7. Biol. Chem., 1940, ISO, SOL 


We have obsen^ed an alopecia in rats fed 
certain soj-bean oil meal rations which was 
prevented by supplements of biotin and/or 
inositol. The condition did not develop when 
the rations were supplemented with cj'stine 
or methionine. 

Experimental. Weanling male and female 
rats of Sprague-Dawlej’- breeding were used 
in these studies. The soj'bean oil meal basal 
ration was composed of soj’bean oil meal 
(e.\peller processed, commercial) 34.0 g, 
sucrose 57.5 g, salts IV 4.0 g,® corn oil 4.0 g, 
choline chloride 0.3 g, niacin 2.5 mg, calcium 
pantothenate 1.0 mg, pj'rido.xine 0.3 mg, 
thiamine hydrochloride 0.3 mg, riboflavin 0.3 
mg, and 2-methyl-l, 4-naphthoquinone 0.1 mg, 
per 100 g ration. The raw soybean oil meal 
basal ration differed from this ration in that 
unheated solvent e.xtracted flakes replaced the 
soj’bean oil meal. Two drops of halibut oil 
were given weekly. Oral biotin supplements 
were gic’en by dropper, and injected biotin 
supplements were injected intradermally in 
saline solution. 

Rations were mixed everj- 2 weeks and were 
stored at refrigerator temperatures to avoid 
possible development of ranciditj-. Rations 
and distilled water were given daily to insure 
ad libitum consumption. 

Remits. Experiment I. Table I sum- 
marizes growth data and the incidence of 
alopecia in rats fed the soj’bean oil meal 
ra^s. Only small differences in gronlh rate 

» Pliillips, p. ii.. .inii HmTl;. Boi. 

Chem., 1933, 109, C57. 
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Titrations were carried out on filtrates from 
each passage. 

In assaying the virus content of the embryos 
from the 5th passage, eggs were separated on 
the basis of the routes by which the inocula- 
tions were made and different portions of the 
embryos in each group were titrated separately 
for virus content. These portions included 
pools of the chorioallantois, pools of the heads 
of embryos, and pools of the abdominal 
viscera (kidneys, liver, spleen, stomach and in- 
testine). In those inoculated by the intra- 
embryonic method, pooled brains only were 
titrated for virus. 

After the Sth passage the intraembryonic 
method was abandoned, and the passages 
made by the 2 remaining routes were carried 
independently of each other. In the passages 
which were made by the chorioallantoic route, 
the material for the ne.xt inoculation was al- 
ways obtained from the pooled heads of em- 
bryos harvested from the previous passage; 
in those made by the yolk sac route, the 
material inoculated was always harvested from 
the pooled viscera of embryos previously 
infected by the yolk sac route. The 
purpose of these 2 separate lines of passage 
was to determine whether the relative differ- 
ence in the amount of nervous tissue repre- 
sented would influence appreciably the amount 
of virus produced. 

It has been stated that a high per cent 
(about S0%) of the embryos died between 
the 2nd and Sth days. These deaths occurred 
from the first passage onward. No distinctive 
gross or microscopic lesions in either the 
chorioallantois or the embryos have thus far 
been identified, but this is under further study. 


The incidence of deaths in embryos in eggs 
incubated at 37°C was lower (40^) than 
that in eggs incubated at 35 °C. 

Our observations are summarized in 
Table I. Results on certain of the pas- 
sages have been omitted to save space. 
These are in agreement with those given. All 
of the titrations were carried out by inoculat- 
ing the individual dilutions of the passage 
material intracranially into groups of 3 to 
5 white mice, each with 0.025 ml of the dilu- 
tion, and 50% infection in- the individual 
groups was counted as the end point. 

Neutralization tests against anti-SK serum, 
prepared before these studies were initiated, 
were carried out with virus from the 10th 
egg passage. The filtrate used in the tests 
titered 10"^, based on 50% infection. It was 
employed in a dilution of 10^ and 0.5 ml of 
this dilution was treated with an equal volume 
of the individual serum dilutions. Complete 
neutralization was obtained in serum dilutions 
up to and including 1:512, the highest serum 
dilution tested. Theiler’s GD-VII strain of 
mouse encephalomyelitis virus was not neutral- 
ized by the serum. 

Summary. The murine SK strain of polio- 
myelitis virus was carried through 14 passages 
on developing eggs without evident diminu- 
tion of virus content. Its multiplication was 
associated with a high incidence of deaths in 
the embryos. The incidence of deaths was 
influenced by the temperature at which the 
eggs were incubated after inoculation.! 

t Since tins manuscript was submitted, we have 
made observations whicli indicate that tlie Lansing 
strain also, may be cultivated under these condi- 
tions. 
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Alopecia in Rats Fed Certain Soybean Oil Meal Rations.* 


Robert R. Spitzer and Paul H. Phillips. 

from the Department of Biochemistry, College of Agricultnre, U nivcrsity of TTisconsin, Madison. 


t is generally believed that the rat dc^s 
require dieta ^ sources of mositol and 

^A^!eonBin"\gricultural Experiment Station. 


biotin when purified rations are fed. How- 
ever, certain dietary co nstituents may in some 

This work lias been supported in part by A. E. 
Staley and Co., Decatur, 111. 
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TABLE I. 

Effect of Biotin and Inositol on Hair Loss (Experiment I), 


Lot Ko. 

nation 

Total Mo. 
of rats 

Mo. of rats 
sbowing 
hair loss 

Ayg wt in g 
after 0 wks 
(initial 
tvt, 40 g) 

1 

Soybean oil meal basal 

20 

13 

135 

2 

S.O.M. basal + 0.1% inositol 

32 

23 

141 

3 

S.O.M. basal -f- 0.1% inositol -p 4 j^g biotin 
daily (oral) 

32 

0* 

141 

4 

S.O.M. basal 0.1% inositol -f- 4 biotin 

daily (in.i) 

24 

O’ 

144 

5 

S.O.M, basal + 0.3% inositol 

6 

0 

132 

f> 

Eaw soybean oil meal basal 


15 

94 

7 

Eaw S.O.M. basal + 1 lie biotin daily (oral) 

14 

n 

104 

s 

Baw S.O.M. basal -f- 0.3% inositol 

S 

0 

91 


* In each of these groups tlicre tvas one rat rrhich shomed earlv signs of hair loss but spon- 
taneous cure followed. 


manner bring out a need for one or both of 
these vitamins. It is well known that the 
inclusion of a sulfonamide drug in a purified 
ration may give rise to biotin and inositol 
deficiencies.*-- The drug probably acts by 
increasing the demands of the organism be- 
yond its synthetic capacities for the factors 
or by inhibiting intestinal organisms which 
ordinarily act as a source of these factors.®-* 
An inositol deficiency has also been produced 
fay feeding a ration composed largely of com, 
soybean oil meal and alfalfa.® It was sug- 
gested that the need for inositol when this 
natural ration was fed was the result of a 
vitamin imbalance or of some change in the 
intestinal flora. A biotin deficiency will also 
result if a ration containing raw egg white 
is fed.®-* The avidin of the egg white com- 
bines with the biotin in the intestinal tract 
thus forming a complex which is unavailable 
to the rat.® 

IXiclsen, E., and Elvchjcm, C. A., J, Siol. 
Cl, cm., 1942, 145, 713, 

sX'inlson, E., and Black, A., Peoc. Soc. Exp. 
Biou -vs-i) Med., 1944, 5.5. 14. 

3 1Voollt‘y, D. IV.. Xiilrilioii, 1944, 28, 3Uj. 

^ .VieBcn. E., and Black, A.. J. Xvtrition, 1944 
28, 203. 

•'Ciinlia, T. J., Kirkwood, S,, Pldllips, P. H., 
and Bolistedt, G., Pi.-or. .‘Joe. Exp. Biol. .«d 
Med., 194-2. 54, 23G. 

•-Boas, M. .V., liiochcm. J., 1927, 21, 712. 

'Kielscn, E., and Elvolijem, C. A., J. Biol. 
Chem., 1942, 144, 403. 

E.-ikin, If. E., Snell, E. E., and Williams, If. J., 
J. Biol. Chem., 1940, 130, SOI. 


We have obsen-ed an alopecia in rats fed 
certain soybean oil meal rations which was 
prevented b\’ supplements of biotin and/or 
inositol. The condition did not develop when 
the rations were supplemented with c\-stine 
or methionine. 

Experimental. Weanling male and female 
rats of Sprague-Dawley breeding were used 
in these studies. The soybean oil meal basal 
ration was composed of soybean oil meal 
(expeller processed, commercial) 34.0 g, 
sucrose 57.5 g, salts IV 4.0 g,® corn oil 4.0 g, 
choline chloride 0.3 g, niacin 2.5 mg, calcium 
pantothenate 1.0 mg, pyridoxine 0.3 mg, 
thiamine hydrochloride 0.3 mg, riboflavin 0.3 
mg, and 2-methyl-l, 4-naphthoquinone 0.1 mg, 
per 100 g ration. The raw soj-bean oil meal 
basal ration differed from this ration in that 
unheated solvent e.xtracted flakes replaced the 
soj'bean oil meal. Two drops of halibut oil 
W'ere given weekly. Oral biotin supplements 
were given by dropper, and injected biotin 
supplements were injected intradermally in 
saline solution. 

Rations were mixed every 2 weeks and were 
stored at refrigerator temperatures to avoid 
possible development of rancidity. Rations 
and distilled water were given daily to insure 
ad libitum consumption. 

Results. Experiment /. Table I sum- 
marizes growth data and the incidence of 
alopecia in rats fed the soybean oil meal 
rations. Only small differences in growth rate 

aPliilUjis. P. H., and Hart, E. B., .1. B.-,J. 
Chem., 1935, 109, C37. 
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TABLE II. 


Effect of Cystine and Jlctliioninc on Growth and Hair Loss (Experiment II). 


Lot Ho. 

nation 

Total 

Ho. of rats 

Ho. of rats 
showing 
hair loss 

Avg wt in g 
after 0 wk 
(initial wt, 
40 g) 

« 

1 

Soybean oil meal basal -}- 0.1% inositol 

8 

7 

132 

2 

S.O.M. basal -f- 0.1% inositol -f 0.2% 
I-cj’stine 

8 

0* 

143 

3 

soybean oil meal basal 

IG 

10 

87 

4 

Haw S.O.M. bas.il -f- 0.4% l-ej-stine 

8 

0* 

120 

5 

Haw S.0.5I. basal -f- 0.4% d/-metliionine 

8 

0* 

134 


* In each of these groups tliere was one rat whieli showed early signs of hair loss but spon- 


taneous cure followed. 


were observed in the rats receiving the soy- 
bean oil meal basal ration and supplemented 
rations (lots 1-5)). However, 13 of 20 rats 
receiving the soybean oil meal basal ration 
(lot 1) developed a marked alopecia. The 
condition was first observed during the 4th 
week of the experiment and in all cases was 


still evident at the end of the 12-week ex- 
perimental period. The hair loss started in 
the dorsal region of the head and proceeded 
bilaterally along the sides to the tail region. 
All the hair loss reported herein followed this 
*^eneral pattern and persisted throughout the 
Experimental period unless otherwise indicated. 
The alopecia was not prevented by supple- 
mentation with 0.1% inositol (lot 2). The 
condition was prevented when the basal ra- 
tion was supplemented with 0.3% inositol 
(lot 5) or a combination of 0.1% inositol 
and a dailv biotin supplement of 4^g. Oral 
administration or intradermal injections of 
biotin were equally effective (lots 3 and 4). 

The urowth rate of rats fed the raw soy- 
bean oil meal basal ration (lot 6) was less 
ton the growth rate of rats receiving the 
heated commercial soybean oil meal basa ra- 
1 1 A slight stimulatory effect on 
arowth was observed when biotin was added to 
the raw soybean oil meal basal ration (lots 6 
j 7) Hair loss similar to that observed 
^ i and 2 was also noticed in lot 6 when 
'to aw sovbean oil meal basal ration was 
Fif eTn of 22 rats in the later group 

ihitPd the characteristic s^ptoms. Sup- 
exhib ration with biotin (1 

plemtnUtwn ol til incidence 

p„ ,al pet n g„„p ol 14 

of hair loss. On 5 . the raw 

shoived any signs of alopecia. 


soybean oil meal basal ration was supplement- 
ed with 0.3% inositol (lot 8) no hair loss 
occurred. 

Experiment II. The effects of adding 
cystine and methionine to the soybean oil 
meal rations are summarized in Table II. 
The characteristic hair loss was again observed 
when the soybean oil meal basal ration was 
supplemented with 0.1% inositol (lot 1). It 
also developed when the raw soybean oil meal 
ration (lot 3) was fed. However, when these 
rations were supplemented with cystine or 
methionine no permanent alopecia was noticed. 
In each of these supplemented groups (lots 
2, 4, 5) there was one rat that showed early 
signs of hair loss which cleared up spontane- 
ously. 

Supplementation of the rations with cj'Stine 
and methionine also resulted in a marked 
growth stimulus, especially in the case of the 
raw soybean oil meal rations. 

Discussion. Apparently, soybean oil meal 
in some manner increases the dietary require- 
ment of biotin and/or inositol. This effect 
may be due to alteration in the intestinal 
flora, to some absorption disturbance, to a 
vitamin imbalance or to the action of anti- 
vitamins which may be present in soybean 
oil meal. It is possible that only one of these 
vitamins is the limiting factor and that the 
second factor acts only in the formation of 
the first. It is also possible that both of 
these factors function in the formation of a 
third factor which is really the necessary 
factor. It is interesting that the condition 
does not develop when the soybean oil meal 
rations were supplemented with cystine or 
methionine. It seems possible that inositol 
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and/or biotin may be closely related to cystine 
and methionine in normal hair formation. 

Another tj^pe of hair loss, referred to as 
the “spectacle eye” condition, has been as- 
sociated with a biotin deficiency by Neilsen 
and Elvehjem^® and to an inositol deficiency 
by Pavcek and Baum.^^ It seems possible 
that these two factors may be closely related. 

The commercial soybean oil meal rations 
supported better growth than did the raw soy- 
bean oil meal rations. Cystine and methionine 
supplements stimulated growth especially 
when added to the raw soybean oil meal 
rations. These findings support the obser\'a- 
tions reported by earlier investigators.*-'^® 
Biotin supplements had a slight stimulatory 
effect on growth when added to the raw soy- 
bean oil meal basal ration. Cunha** reported 
earlier that biotin supplements stimulated 
growth in rats fed a diet consisting largely of 
corn, soybean oil meal and alfalfa. 

Further investigations now in progress sug- 

lONielseu, E., and Elvelijeai, C. A., Peoc. Soc. 
Ext. Biol, .wd Med., 1941, 48, 349. 

11 Pavcek, P. L., and Baum, H. M., Science, 
1941, 93, 502. 

12 Hayward. .T. W., Stcentiock. II., and Bolistcdt, 
G., J. Kvtrition, 1936, 11, 219. 

12 Hayward, J. W., and Hafncr, F. H., Poultry 
Sci., 1941, 20, 139. 

n Cunlia, T. J., Ph.D. Tliesis, University of 
Wisconsin, 1944. 


gest that the situation may become more com- 
plicated under certain conditions. IMiile low 
levels ( 1-4 yg) of biotin have been shown to 
prevent the loss of hair, higher levels (12 fig) 
of this vitamin may actual^ accentuate the 
condition. The hair loss resulting from feed- 
ing such a high level of biotin was prevented 
by supplementation with adequate inositol. 

Summary. Rats fed certain soybean oil 
meal rations developed a characteristic hair 
loss which was prevented by supplementation 
of inositol and/or biotin. The condition did 
not develop if the rations contained added 
cj^stine or methionine. Inositol supplementa- 
tion resulted in no marked changes in rate 
of growth. However, supplements of cystine 
and methionine markedly'^ increased the rate 
of growth when added to the raw soybean oil 
meal basal ration. Biotin supplements bad 
a slight stimulatory^ effect on growth when 
added to the same ration. It is believed that 
soybean oil meal in some manner increases 
the dietary requirement for biotin and/or 
inositol. Possible mechanisms for such action 
may be an alteration of the intestinal flora, 
some absorptive disturbance, a vitamin im- 
balance or the presence of antivitamins in the 
soybean oil meal. 

We arc indebted to Merck and Co., Ealmay, 
X.J., for synthetic vitamins; and to Abbott Lab- 
oratories, North Ciiieago, HI., for halibut liver oil. 
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Effect of Low Protein Diets upon Creatine Excretion of the Rat. 


Herbert C 

From Ihc Dcparlvicnt of Bwchemisiry, 

In a previous study* qualitative tests upon 
the urine of rats after a period on a low pro- 
tein and low choline intake suggested an in- 
creased e.xxretion of creatine by these ani- 
mals. Roberts and Eckstein® have shown that 

1 Tidwell. H. f., .-ind Treadwell, C. E., .1. Bi^. 
Chem., 194f>, 1«2, 155. 

2 Roberts, E., and Eckstein, H. C., J. Biol. 
Chrm., 1944, 154, 377. 


Tidwell. 

Soutliu'cetcrn Medical College, Dallas. 

the creatine content of the gastrocnemius 
muscle of young rats is not lowered when a 
diet deficient in choline and methionine is fed 
for 3 weeks. .\ similar finding in chicks was 
reported by .Almquist and coworkers® who 
found a deficiency in dietary choline did not 
appreciably diminish the muscle creatine. 

3 .Umquist, H. J., Krntzer, F. H., and Mecchi. 
E., .7. Biol. Chem., 1943, 148, 17. 
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TABLE I. 


Weight changes and 

Creatine and 

1 

Creatinine Excretion of 
(Diet 2) Protein Diets. 

Eats on 5 

% (Diet 1) 

and 2570 

Diet No. 


Bodj’ wt in grams and % of change. 
Control 4th da. 8th da. 12th da. 

IGtli da. 

20th da. 

1 

(g) 

23G 

231 

22G 

224 

225 

226 


(%) 

—0.0 

—2.1 

^ o 

—5.1 

—4.7 

—4.2 

2 

(g) 

232 

239 

245 

255 

260 

266 


(%) 

4-0.0 

4-3.0 

4-5.6 

4-9.9 

4-12.1 

4-14.7 



Creatinine excreted- 

— nig/100 g rat.* 



1 


3.69 

3.82 

3.50 

3.53 

3.71 

3.73 



■ ±.10 

±.10 

±.16 

±.12 

±.08 

±.06 

2 


3.48 

3.45 

3.48 

3.49 

3.77 

3.66 



±.12 

±.10 

±.10 

±.08 

±.08 

±.09 



Creatine excreted— 

-mg/100 g rat.* 





0.61 

0.40 

1.18 

1.32 

1.19 

0.62 



±.15 

±*05 

±.18 

±.48 

±.32 

±.09 

o 


0.56 

0.50 

0.51 

0.71 

0.59' 

0.57 



±.12 

±.06 

±.13 

±.14 

±.14 

±.04 


* Including the standard error of the mean calculated as follows : 

y2d2 / n — 1 / yn 


These observations along with those that in- 
dicate that the physiologically labile methyl 
groups are preferentially used for growth 
rather than lipotropism-* suggest no sparing 
of these groups as regards the synthesis of 
creatine. 

This study was designed to obtain more in- 
formation regarding total creatine formation 
in these rats as measured by its excretion 
rather than the creatine content of an isolated 
tissue Such information would indicate 
whether the labile methyl group are conserved 
in the body when there is an inadequate sup- 
ply for lipotropic action, and whether the 
nMds for creatine formation take precedence 

over the needs for lipotropism. 

Methods. After 3 weeks on the stock diet 
(Inland rat diet), 20 male white rats were 
Sided into 2 equal groups, 21 

r''S''tL%ed?dircoS 5 or 25 J 
1 ■ PlV ’c E Tidwell, H. c., and Gast, J. H.. 

1,. Treadwell, G. K., p ' 

C/icin., 


Cellu flour, and sufficient starch to complete 
the diet. In addition each rat received one 
yeast tablet (400 mg) and 2 drops of cod 
liver oil daily. This diet has been used re- 
peatedly in this laboratory for the production 
of fatty livers. It seemed possible that the 
methyl groups required for the synthesis of 
creatine and choline might be conserved dur- 
ing the acute need for lipotropic substances. 
If so, this should be reflected in the creatine 
and creatinine excretion. 

The urine was collected under light mineral 
oil over 24-hour periods while on the stock 
diet and every 4th day through the 21-day 
period on the special diets. Intraperitoneal 
injections of 5 cc of 0.9% saline were given 
each rat twice daily on the days the urine 
was collected so as to obtain more suitable 
urine volumes. The creatine and the creatin- 
ine excreted were determined according to the 
method of Folin® with color intensities meas- 
ured photoelectrically. 

Results. More creatinine was excreted per 
100 g body weight on the 4th day by the 
animals receiving the low protein diet and 
thereafter the amount excreted remained the 
same during the test period for the animals 

GFolin, O., J. Biol. Cliem., 1914, 17, 469. 
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on both diets (Table I). A significantly 
greater* amount of creatine was excreted by 
the animals on the diets deficient in methi- 
onine and choline on the 8th and possibly 
the 12 th daj's only. This increased excretion 
of creatinine at the start, and of the creatine 
later, appeared to be associated with the time 
when the animals were losing weight. Gen- 
erally an increased creatine excretion was as- 
sociated with a weight loss in the individual 
animals whenever it occurred during the ex- 
perimental period. The differences in creatine 
and creatinine excreted by the 2 groups were 
not significant during the latter part of the 
period when the animals on the low protein 
diet maintained their weight or gained slightly. 

The excretion of similar or greater amounts 
of creatine or creatinine by the animals on 
the diet deficient in methionine and choline 
for lipotropism, gives no indication of a de- 
ficiency of methyl groups for creatine forma- 
tion. This again suggests that there is a 
preferential use of labile methyl groups for 
creatine formation associated with the demand 
for growth. Apparently there is no conserva- 
tion of the deficient supply of methyl groups 

* Apparent differences were analyzed for sig- 
nificance by the t method of Fisher, E. A., Sfa- 
tistical Methods for Scsearch Workers, 7th edition, 
Edinburgh, 1938. Only those showing a P value 
of 0.01 or less were considered significant. 


Bodies in Diabetic Ketosis 

during the time fatty livers are developing 
in these animals, but actually a wastage due 
to the increased creatine or creatinine ex- 
creted when the fed animals are losing weight. 
The general constancy of the creatinine e.x- 
cretion is in line w'ith the finding of Borsook 
and Dubnoff that under physiological con- 
ditions the phosphocreatine spontaneously 
yields 2% of free creatinine and that its e.xcre- 
tion does not characterize any active process 
in the tissues. The increased creatinine ex- 
cretion during the early part of the test period 
was probably due to a readjustment of the 
body fluids to the new dietary conditions. 
The loss of weight involving muscle tissue 
would e.xplain the increased creatinuria. 

Summary. No diminution in the formation 
of creatine, as measured by its urinary ex- 
cretion, was found in animals on a diet de- 
ficient in labile methyl. groups. The availa- 
ble methionine was preferentially used for 
growth and creatine formation. The increased 
excretion of creatine by these animals, ap- 
parently associated with weight loss, causes 
a waste of needed methyl groups instead of 
their conservation. 

Grateful acknowledgment is made to Dr. C. E. 
Treadwell for bis generous advice. 

I Borsook, H., and Dubnoff, J. W., Annual 
Peview of Biochemistry, 1943, 152, 187. 
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Urinary Secretion of Acetone Bodies in Diabetic Ketosis. 

A. P. Briggs. 

Prom the Departments of Medicine and Biochemistry, Unii'crsily of Georgia School of Medicine, 

Augusta, Ga. 


It is generally recognized' that the urine 
from a patient with diabetic coma, occasion- 
ally, may give a negative test for diacetic 
acid with ferric chloride, and onh^ a mild re- 
action for acetone bodies u'ith nitroprusside. 

1 .loslin, E. P., Boot, II. W., IVIiitc, Priscilla, 
and Marble, A., Xhc Treatment of Diabetes 
Meltitns, seventh ed., Lea and Fcbiger Co., Piiila- 
dclpbia, 1940. 


The studies of B’idmark,- and Briggs and 
Shaffer* indicated that acetone passes into 
the urine and expired air by the simple process 
of diffusion. If this is true, then the con- 
centrations of this fraction of the acetone 
bodies in the blood and urine should alwa3’S 

- Widmark, E. M. P., Biochem. J., 1920, 14, 304. 

3 Briggs, A. P., and Shaffer, P. A., J. Biol. 
Chem., 1921, 48, 413. 



16 


Urinary Secretion Acetone Bodies in Diabetic Ketosis 


TABLE I. 

Concentrations of Acetone Bodies in Blood and Ilriii'' from Patients with Diabetic Ketosis. 


Case No. 

Blood 

Quantitative mg % 



Urine 


' 

Quantitative mg % 


Qualitativo 

r 

Acetone 

Total 

acetone 

bodies 

Glucose 

Acetone 

Total 

acetone 

bodies 

FoCl;, 

Xitro-’ .Sugar 

prussidc (Benedict’s) 

1 

23.7 

90.0 

889 

oo o 

319.2 

+ 

4- 4- 4- 4- 

4-4-4--!- 

2 

21.0 

94.0 

507 

27.8 

430.5 

+4-4- 

4-4-4 — h 

4- 4- 4-4- 

3 

25.G 

114.0 

080 

20.2 

03.0 

Neg. 

4-4- 

4-4-4-,-!- 

4 

29.4 

91.0 

478 

29.7 

80.0 

Xeg. 

H--h 

-f-f -!--!- 


33.2 

111.0 

041 

37.0 

741.0 

4- 4- 4“ 4- 

4- 4- 4- 4- 

4- 4- 4- 4- 

0 

,1.8 

28.1 

358 

5.1 

03.3 


4-4-4- 

4-4-4--!- 

7 

0.5 

29.0 

484 

7.7 

72.1 


4-4-4- 

4- 4- 4- 4- 

8 

3.0 

9.2 

390 

2.8 

30.4 

Neg. 

4-4-4- 

-f -!--!--!- 

9 

1.9 

4.9 

300 

2.0 

15.2 

Neg. 

-f- 

4--i--l--!- 

10 

1.2 

5.2 

320 

1.2 

17.8 

Xcg. 

4-4- 

_j__j — ] — i_ 

11 ' 

1.8 

3.9 

310 

o 2 

14.8 

Xeg. 

4‘"i" 

4-4-4- 

12 

1.2 

3.0 

253 

i.4 

10.0 

Xcg. 

4- 

-!--f-!- 


be similar; and this relationship should not 
be influenced b}^ any disturbance of kidney 
function nor by decomposition of diacetic acid 
within the urinary passages. However, it has 
been reported by ^nartin and Wick"* that there 
is no definite relation between the concentra- 
tions of acetone in blood and urine with dia- 
betic acidosis; they were inclined to doubt 
the accuracy of the methods used in early 
work on the excretion of acetone. 

The recently devised method of Greenberg 
and Lester''"’ is especially adapted to the study 
of this problem, since acetone is determined 
directly in the presence of diacetic acid. This 
method was employed in the present study. 
The volumes of reagents and samples were 
increased five-fold so that 10 ml of CCU 
extract were obtained for reading m the 
Evelyn instrument. Digestions for total 
acetone were conducted under a condenser 
with ground glass connections. 

Results are presented in the accompanying 
table of the work done on the admission speci- 
mens from a group of patients ^ 

ketosis; the first S cases were patients with 

^’tspec'toreveals that the concentrations 
of acetone in blood and urine are consistently 
LL These results, therefore, tend to ^p_- 

I„v., W'lS, 23, ^3o. J 

3 Greenberg, L- 
Chem., 154, 177. 


port the view that acetone is e.xcreted into 
the urine by the physical processes of filtra- 
tion and diffusion. This view is also sup- 
ported by the study of Lehman,” which has 
just appeared. He found similar concentra- 
tions of acetone in blood and urine following 
the intravenous administration of iso-propyl 
alcohol. Probably the failure of Martin and 
Wick to observe this relation was due to the 
fact that what they studied and reported as 
“acetone” was the fraction of the total acetone 
bodies precipitated by boiling with mercuric 
sulfate; this fraction represents acetone plus 
diacetic acid. It was pointed out by Widmark. 
that the e.xcretion of these 2 substances fol- 
lows entirely different laws. 

Two instances of diabetic coma with “renal 
block” are provided by Cases 3 and 4. In 
each case the total acetone body content of 
the urine was actually less than that of the 
blood; in each case the urinary test with 
ferric chloride was negative and that with, 
nitroprusside only 2-\-. Since the concentra- 
tions of free acetone in blood and urine are 
similar, it would appear that either diacetic 
or o.xj'butyric acid is excessively reabsorbed 
by the renal tubules; the negative reaction 
with ferric chloride implicates diacetic acid. 
(The assumption is made that decomposition 
of diacetic acid in a slightly acid medium, 
during the flow through the urinary passages, 

oLcliinan, A. J., Pnoc. Soc. E.xp. Biol, 

Med., 1040, C2, 232. 


Sulfonamide Control of Intestinal Distention 


17 


is not an important item). 

These-obser\’ations, therefore, indicate that 
the nature of the renal block is something of 
a functional disturbance due to an alteration 
of the tubule threshold for diacetic acid, as 
was suggested several years ago b 3 f Apple 
and Cooper.' 

It is not at all clear why this phenomenon 
should occur in occasional cases. Often it 
is associated with oliguria, but oliguria is 
common in diabetic coma, and usually the 
concentration of diacetic acid in the urine is 
high. Dehydration and oliguria were more 
evident in Cases 1 and 2 than in these cases 
with negative ferric chloride. 

■ Apple, K. E., and Cooper, D. A., Am. J. Med. 
Sc., 1927, 173, 201. 


Sunmary. A study has been made of the 
acetone bodies in blood and urine from a 
group of patients with diabetic ketosis, in- 
cluding 2 coma patients with urine giving a 
negative reaction with ferric chloride. The 
concentrations of free acetone in blood and 
urine were found to be similar in all cases; 
this obsen'ation supports the view that 
acetone is secreted into the urine bj' the 
phj'sical processes of filtration and diffusion. 
The observed results were compatible wdth 
the suggestion that the cause of a negative 
urinary reaction wdth ferric chloride in cer- 
tain cases of diabetic coma is due to a func- 
tional disturbance of the renal tubules, with 
elevation of the threshold for diacetic acid. 
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Effect of Sulfathalidine and Sulfamethazine on Gaseous Distention in the 
Obstructed Small Intestine of Cats. 

Arnold Segel, Fritz SemvEiNBURG, and Jacob Fine. 

From f/ic Surgical Fcscarch Laboratories, licth Israel Hospital, and the Department of Surgery, 

Harvard Medical School, Boston. 


It has been shown repeatedly that there 
are 3 sources of gas in intestinal distention 
(1) swallowed air, (2) decomposition of food, 
(3) diffusion, chiefly of nitrogen, from the 
blood into the intestines. .According to Fine 
and his coworkers, ^ the nitrogen from the 
blood diffuses into the intestine in significant 
amounts onlj- if other gases have collected in 
the gut in substantial volume. It has also 
been shown'-- that in the absence of food, 
swallowed air accounts for most of the gas 
present in the small intestine. The amount of 
swallowed air is variable within wide limits 
but can be controlled in great measure by 
withholding food and water and an inhdng 

1 Fine, .T., niui Levenson, tV. S., Am. .7. Surg.. 
New Series, 1933, 2t, ISA 

- Molver, M. .\.. BenedU-t. E. B.. and Cline, 
A. W., .Tr., Arch. Surg., 1020, 13, uSS. 


Levin tube. The fermentation or putrefac- 
tion of food is the second major source of gas 
in the obstructed small intestine. The coli- 
aerogenes-proteus group and certain clostridia, 
normallv’ present in the small intestine, play 
a predominant role in this method of gas 
production. The inhibition of bacterial ac- 
tiviU’ by antibacterial agents should con- 
tribute to a more complete control of m'eteor- 
ism. Hence a reduction in the number and 
metabolic activity of these groups of organ- 
isms might have a therapeutic effect. 

Mam- of the sulfonamides now in use have 
a definite inhibiting action on enterobac- 
teriaceae and clostridia, though each one to 
a different degree. Sulfathalidine (pthalyl- 
sulfathiazole) and sulfamethazine (dimethi’l- 
sulfadiazine) clinicalh’ and e.xperimentaih' 
have been shown to be effective against these 
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bacteria.®'® The following experiments were 
performed to observe the effect of these drugs 
on the accumulation of gases in the obstructed 
small intestine of the cat. 

Methods. Cats which had been deprived 
of food and water for 24 hours were subjected 
to laparotomy with the usual sterile precau- 
tions. Heavy cotton ligatures were used to 
completely occlude the oesophagus at the 
cardio-oesophageal junction to eliminate 
swallowed air and the ileum just proximal to 
the ileocaecal junction, thus producing a 
closed loop. Malted milk, which is a rich 
source of gas in the intestinal tract, was then 
injected into the stomach. Controls received 
100 cc of malted milk without any drug; test 
animals received the same amount of malted 
milk containing sulfathalidine or sulfametha- 
zine (1J4 g per kg of body weight). At the 
end of 24 hours all animals were sacrificed 
and the amount of gas in the obstructed loop 
was measured by aspirating the entire con- 
tents into a syringe. The amount of gas in 
the stomach and in the small intestine was 
measured separately. Two animals were found 
dead at the end of 24 hours and were dis- 
carded. All the other animals were apparent- 
ly in good condition at the time of execution. 

A total of 46 animals were studied (Table 
1)1-16 controls, 20 treated with sulfathalidine, 
and 10 with sulfamethazine. 

Results. Gas production in the small in- 
testine is apparently markedly depressed by 
the chemotherapeutic agents studied. Thus 


spoth, Edgar J., and Boss, Charles A., Texas 
Reports on Biol, and Med., 1943, 1, 345. 

4Poth, Edgar J., International Abst. Surg., 

E. B., and Tetwin, I. X, IVo. 
v„„ J. Med., 1944, 330, 510. 

G Sclnveinburg, F. B., and Tetwin, I. J., X Baet., 


1945, 40, 193. 


TABLE I. 

Total Gas in Closed Gastro-Intestinal Loops Con- 
taining JIalted Milk. 

A. Sulfathalidine; B. Sulfamethazine; C. No drug. 


A 

B 

C 

in 

30 

200 

0 

15 

75 

10 

12 

140 

0 

0 

110 

50 

■ 19 

130 

0 

0 

100 

32 

5 

105 

16 

7 

200 

55 

20 

30 

8 

12 

55 

2 


190 

60 


130 

20 


160 

0 


57 

IS 


62 

3 


39- 

38 

10 

10 

10 

Average 17.6 

12.0 

112.9 


in the animals receiving sulfathalidine, the 
total gas production ranged from 0 to 60 cc, 
in those receiving sulfamethazine, from 0 to 
30 cc, and in the control animals from 30 
to 200 cc. Only 6 out of 16 controls showed 
less than 100 cc. These results seem quite 
significant, particularly considering individu- 
al variations in gas production. 

This observation is consistent with that of 
Sarnoff and Fine' who showed a protective 
effect by sulfasuxidine and sulfathalidine on 
isolated loops of ileum of dogs in which oc- 
clusion of the venous return produced 
gangrene except when these drugs were pres- 
ent in the injured loop. 

Conclusions. Gas formation from malted 
milk in the occluded gastrointestinal tract is 
significantly depressed by sulfathalidine and 
sulfamethazine. 


< Sarnoff, Stanley J., and Pine, Jacob, Annals 
Suvff., 1945, 121, 74. 
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Reduction of General Activity in Male Albino Rats from Electro- 

Con vulsive Shock. 

C. L. Winder and Calvin P. Stone. 

Frnm the Ijepnrtmrul of P-si/cIioIof/t/, Stanford Uiiiicrs'ly. 


The use of electro-convulsive shock for 
the treatment of functional psychoses and cer- 
tain other abnormal mental states is now 
widespread. Although its use appears to be 
well justified on clinical grounds, there is no 
wholly satisfactory explanation of the physi- 
ological changes through which the benefits 
are effected.^ It seems probable, therefore, 
that many types of animal experiments will 
be needed to supplement human investiga- 
tions in defining and, ultimately, explaining 
both the immediate and distant effects of 
electro-convulsive shock, at the psycho- 
biological level. 

JIany investigators have noted a reduction 
in e.xploratory’ activity and rate of locomo- 
tion of rats in various learning situations, fol- 
lowing the administration of electro-convulsive 
shock. Some of these reports are still un- 
published;-'" others are summarized by Stain- 
brook in his recent review.^ Consideration 
of these data led Stone' to conduct a small- 
scale study of the effects of electro-convulsive 
shock on the daily voluntary activity of 6 
female rats, housed in the Slonaker-type of 
activity drum. He found consistent, tem- 
porary reductions of activity after shock. 
The present report is a continuation of this 
earlier study. Its main objective is to gather 
confirmatory data from ivhich to make a more 
reliable estimate of the concurrent effects of 
electro-convulsive shock on the voluntary ac- 
tivity of male rats than was possible in the 
preliminary study on females. 

1 Kalinowsky, L. B., and Hocli, P. II., Shod; 
Trcaimaitit and Other Somatic Procedures in 
Psi)chiatry, New York, Grune & Stratton, 1P4G. 

- Horowitz, Xf. \V., and .Stono, C. P., .1. Comp. 
Psychol., 1S)4G, in press. 

3 Sto!!p, C. P., nud I’oplin, Betty, J. Comp. 
Psychol.. 1940, in press. 

r StaintirooU, E., Psychol. Puli, 194C, 43, 21. 

0 Stone, C, P., Pnoc. Soc. Exp. Biol. .cxi> Mkd., 
1940, 01, ISO. 


Procedure. The convulsive shock was given 
by applying a 50 milliamperes, alternating 
current for 0.2 second through electrodes 
clipped on the ears of the rat. This con- 
sistently resulted in a grand mal seizure which 
started with a generalized tonic contraction 
of the entire body and then gradually passed 
into the clonic phase after about 10 seconds. 
The total period of the seizure proper was 
between 20 and 30 seconds. In the main, 
the typical syndrome and its most common 
variants were like those described in some 
detail by Golub and Morgan 

The study began with 1 S well-tamed males, 
approximately 70 days old. Xo shock was 
administered during the first 25 days of the 
study as it was desired that the animals be- 
come thoroughly adapted to their drums and 
the routine of handling before the introduc- 
tion of shocks. From the first day and there- 
after each animal was removed from its drum 
once daily and manipulated as much as would 
be necessary later on when shocks were to 
be administered. While the rat was out of 
the drum the e.xperimenter replenished the 
supply of food and water, so that a surplus 
of these was available at all times. .\s a 
regular routine each rat was returned to the 
floor of the drum, ready for activity, whether 
or not he had been shocked. 

Following the 25-day period, in which each 
rat tended to establish a characteristic level 
of daily activity, the first electro-convulsive 
shock was given. One seizure was induced daily 
in each rat on 5 consecutive days. This course 
was followed by a S-day period in which no 
shock was given. Then followed (1) 2 ad- 
ditional 5-day periods of shock, alternating 
with 5-da}' periods of no shock, (2) one 5-day 
period of pseudo-shock, in which all manipu- 
lations e.\-cept passage of the current occurred, 
and (3) a 20-da y recovery period without 

6 Golub. L. M., and Morgan, C. T., J. Comp. 
Pstjchol., 1945, 38, 239. 
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Sulfonamide Control of Intestinal Distention 


bacteria.^"® The following experiments were 
performed to observe the effect of these drugs 
on the accumulation of gases in the obstructed 
small intestine of the cat. 

Methods. Cats which had been deprived 
of food and water for 24 hours were subjected 
to laparotomy with the usual sterile precau- 
tions. Heavy cotton ligatures were used to 
completely occlude the oesophagus at the 
cardio-oesophageal junction to eliminate 
swallowed air and the ileum just proximal to 
the ileocaecal junction, thus producing a 
closed loop. Malted milk, which is a rich 
source of gas in the intestinal tract, was then 
injected into the stomach. Controls received 
100 cc of malted milk without any drug; test 
animals received the same amount of malted 
milk containing sulfathalidine or sulfametha- 
zine (lj4 g per kg of body weight). At the 
end of 24 hours all animals were sacrificed 
and the amount of gas in the obstructed loop 
was measured by aspirating the entire con- 
tents into a syringe. The amount of gas in 
the stomach and in the small intestine was 
measured separately. Two animals were found 
dead at the end of 24 hours and were dis- 
carded. All the other animals were apparent- 
ly in good condition at the time of e.xecution. 

A total of 46 animals w'ere studied (Table 
I) — 16 controls, 20 treated with sulfathalidine, 
and 10 with sulfamethazine. 

Results. Gas production in the small in- 
testine is apparently markedly depressed by 
the chemotherapeutic agents studied. Thus 

OPotli, Edgar J., and Boss, Charloa A., Texas 
Ilcporis on Biol, and Med., 1943, 1, 345. 

* Potli, Edgar J., International Abst. Surg., 
1944, 78, 373. 

5 Sclnveinburg, F. B., and Yctwin, 1. J., Mew 
Enff. J. Med., 1944, 230, 510. 

0 Sclnvcinburg, F. B., and Yetwin, I. J., J. Bact., 
1943, 49, 193. 


TABLE I. 


Total Gas in Closed Gastro-Intestinal Loons Con- 
taining Jlnltcd Milk. 

A. Sulfathalidine; B. Sulfametbazme; C. No drug. 


A 

B 

G 

10 

30 

200 

0 

15 

75 

10 

12 

140 

0 

0 

110 

50 

■ 19 

ISO 

0 

0 

100 

32 

5 

105 

10 

7 

200 

55 

20 

30 

S 

12 

55 

•> 


190 

00 


130 

20 


IGO 

0 


57 

IS 


62 

3 


39- 

SS 



10 



10 



10 



Average 17.0 

12.0 

112.9 


in the animals receiving sulfathalidine, the 
total gas production ranged from 0 to 60 cc, 
in those receiving sulfamethazine, from 0 to 
30 cc, and in the control animals from 30 
to 200 cc. Only 6 out of 16 controls showed 
less than 100 cc. These results seem quite 
significant, particularly considering individu- 
al variations in gas production. 

This observation is consistent with that of 
Sarnoff and Fine' who showed a protective 
effect by sulfasuxidine and sulfathalidine on 
isolated loops of ileum of dogs in which oc- 
clusion of the venous return produced 
gangrene except when these drugs were pres- 
ent in the injured loop. 

Conclusions. Gas formation from malted 
milk in the occluded gastrointestinal tract is 
significantly depressed by sulfathalidine and 
sulfamethazine. 


7 Sarnoff, Stanley J., and Fine, Jacob, Annals 
Surg., 1945, 121, 74. 
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herein described, and the curtailment of ex- 
ploration and increase of time scores as re- 
ported by others^ are identical in kind. The 
literature is replete with e.xamples showing 
that one and the same end-result in terms of 
reduction of level of activity may be the con- 
sequence .of many diverse factors. Through 
factor anai 3 'sis, van Steenberg® found that 
only a small fraction of the reliabilitj' of drum 
scores can be accounted for by a factor which 
is common to these and to other performances 
in mazes, problem boxes, and other tests. 
Thus, further analj'ses are needed before one 
may safely assume that the partial inactiva- 
tion of rats in the activity drum is effected 

s van Stccnberg, X. J. F., Pslichomciril-a, 1939, 
4. 179. 


by the same factors as those which interfere 
with the e.xploratorj- tendencv" and the in- 
crease in time scores on learning tasks. 

Summary. A series of dail}- electro-con- 
vulsive shocks in 13 male rats, for 5-da\’^ 
periods, significanth^ reduced concurrent ac- 
tivitj' as compared with (1) preshock activitj', 
(2) 5-da\' periods of no-shock, interposed be- 
tween periods of shock, and (3) the post- 
shock recovery period. There is a cumulative 
effect of successive periods of shock. The 
mean level of activitv’^ reached during the post- 
shock period of 30 days was significantly low- 
er than that of the preshock period. Whether 
this difference was due to natural decline of 
activitj’ with age or to lingering effects of 
electro-convulsive shock was not determined. 


15477 P 

A Second Motor Nerve System to Frog Skeletal Muscle. 
S. W. Kuffler.* (Introduced by R. W. Gerard.) 

From the Department of Physiology, Vniversity of Chicago. 


The existence in skeletal muscle of special 
tonus mechanisms — particular nerve or mus- 
cle fibres or contractile elements — has often 
been proposed and as often been discarded. 
Tasaki and Mizutani^ recentlj’ reported that 
stimulation of small diameter nerv'e fibres 
could initiate slow contractions in frog mus- 
cles. It appears that no electrical investiga- 
tion of this problem has yet been made, nor 
have the structures giving slow contractions 
been identified. The present investigation fol- 
lowing Tasaki and Mizutani’s study clearij’ 
demonstrates a separate neuromuscular sj's- 
tem which may well be involved in tonus and 
contracture and which has been missed because 
of the much greater action of the well-known 
twitch system. This latter has been elim- 

* sSoynnmr Coman Fellow. The present investiga- 
tion was aided by grants from tlie Seymour Coinan 
I’lind and the Ur. Wallace C, and Clara A. Abbott 
Memorial Fund of the University of Chicago, 
t Tasaki, I., and Mizntani, K., Jap. J. d/eiJ. 

1944, 10, 937, 


inated (a) by progressive pressure block or 
galvanic block applied to the frog’s sciatic be- 
low the point of stimulation following Leksell- 
(the large fibres failing sooner) and then ob- 
serving various leg muscles, or (b) by cutting 
alt but the desired fibre' in a small nerve 
(about 10 fibres) to an isolated toe muscle 
(e.xtensor longus digit! IV., IS mm long, 40 
to 60 fibres) observed under the microscope. 

As compared with the usual motor nerve 
fibres, those here active are of smaller di- 
ameter, higher threshold, greater resistance 
to pressure or polarization block and slower 
conduction. They are probably not autonomic, 
since they may be larger than 5 micra. A 
single impulse in one evokes a barelj’ visible 
movement of an attached small muscle, re- 
peated impulses at 3 to 4 a second give a 
small local shortening and at 20 to 50 a strong 
slow local contraction appears and in some 
preparations an occasional fullj’-propagated 

-Lcksctl, L., Acta Physiol. ScoiiA., 1945, 10, 
suppl. 31, S4. 
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Reduction General Activity, Electro-Convulsive Shock 



nvc DAY PERIODS OF NO-SHOCKM OR DAILY SH00K(S) 


Pig. 1. 

Activity of 13 male albino rats in revolving 
drums, based on the means for 5-day periods. In 
periods 4, 6, and 8 the rats received a daily electro- 
convulsive shock. 

shock or pseudo-shock. Altogether there were 
IS convulsive seizures, spread over a period 
of 25 days. Two of the rats were eliminated 
during the experiment. One died, we believe, 
from a disturbance of the respiratory mecha- 
nism. The other became paralyzed in the 
posterior third of the body, possibly, (but 
not certainly) from a spinal injury incurred 
at the time of shock. 

Results. The records for the first 10 days 
of preliminary running were discarded be- 
cause of the excessive variability of individuals 
while becoming adapted to the procedures. 
As shown in Fig. 1, 5-day periods have been 
numbered serially from 1 to 14. For each 
period the mean number of drum revolutions 
per rat per day has been calculated. The 
significances of differences between group 
means for the S-day periods were calculated 
by use of the conventional small sample tech- 


' The mean level of activity during the first 
hock period (number 4) is significantly low- 
r than that of the preshock periods 1, 2 and 3 
■p<0 01) The same is true of shock periods 
S and 8 The mean of shock period 6 is sig- 

It tt voluntary activity of the group is 

significantly reduced by ^ 

LSXkSSorthele^^^^^ 

In the intervening no-shock perio . 


From period 4 to 8 there is a cumulative 
downward trend. Its consistency suggests 
that we have here a real cumulative effect, 
although the statistical significance of suc- 
cessive differences is less clear-cut than those 
referred to above (for the differences between 
periods 4 and 6, P<0.0S; for periods 6 and 
8, P<0.10: and for periods 4 and 8, P<0.02). 
In this experiment no rat was consistently 
hyperactive upon being returned to the drum 
after being shocked. Indeed, there was much 
less running on the part of all during the next 
6 to 10 hours than had characterized their 
behavior at comparable times in the preshock 
period. 

The period of pseudo-shock (number 10) 
is noteworthy because it is attended by a rise 
rather than a drop in activity. This would 
seem to indicate that the period was a con- 
stituent part of the course of recovery and 
that the convulsive shock was the essential 
cause of reduced activity during the periods 
of shock. 

For the last 4 periods of no-shock the mean 
level of activity is fairl)' consistent, but lower 
than that of the preshock periods. Although 
a few rats were notably hyperactive, more 
Of them were hypoactive, as compared with 
their preshock records. The net effect is a 
reduction of the combined mean value for 
periods 11, 12, 13 and 14 as compared with 
that of preshock periods 1, 2 and 3 (P<0.05). 
Possibly full recoverj^ of some of the animals 
had not yet been achieved at the termination 
of our experiment, 30 days after the last shock. 
However, we are not warranted in drawing 
this conclusion without further appraisal of 
the natural reduction in activity of male rats 
during the Sth month of age. According to 
Richter,'^ the mean begins to decline between 
the 3rd and 4th month. If this should hold 
for our animals also, it is possible that a 
part or all of the drop in means for periods 
11 to 14, as compared with periods 1 to 3, 
is due to the natural age decline in drum 
activitj'. 

Finally, a word of caution should be urged 
against hasty assumption that specific factors 
accounting for reduction in drum activity, as 

7 Eicliter, C. P., Comp. Psychol. Monog., 1022, 
1, pp. 55. 
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herein described, and the curtailment of ex- 
ploration and increase of time scores as re- 
ported by others^ are identical in kind. The 
literature is replete with examples showing 
that one and the same end-result in terms of 
reduction of level of activity may be the con- 
sequence ,of many diverse factors. Through 
factor analysis, van Steenberg® found that 
only a small fraction of the reliability of drum 
scores can be accounted for by a factor which 
is common to these and to other performances 
in mazes, problem boxes, and other tests. 
Thus, further analyses are needed before one 
may safely assume that the partial inactiva- 
tion of rats in the activity drum is effected 

s van Stcenljerg, X. J. F., P/iychomctriln, 1939, 
4, 179. 


by the same factors as those which interfere 
with the exploratory tendency and the in- 
crease in time scores on learning tasks. 

Stimmary. A series of daily electro-con- 
vulsive shocks in 13 male rats, for 5-day 
periods, significantlj^ reduced concurrent ac- 
tivity as compared with ( 1 ) preshock activity, 
(2) 5-day periods of no-shock, interposed be- 
tween periods of shock, and (3) the post- 
shock recoverjr period. There is a cumulative 
effect of successive periods of shock. The 
mean level of activity reached during the post- 
shock period of 30 days was significantly low- 
er than that of the preshock period. Whether 
this difference was due to natural decline of 
activity with age or to lingering effects of 
electro-convulsive shock was not determined. 


15477 P 

A Second Motor Nerve System to Frog Skeletal Muscle. 
S. W. Kuffler.* (Introduced bj' R. W. Gerard.) 

From tlw Deportment of Plijixiotopn. Vniversitp of Chicago, 


The existence in skeletal muscle of special 
tonus mechanisms — particular nerve or mus- 
cle fibres or contractile elements — ^has often 
been proposed and as often been discarded. 
Tasaki and Mizutani^ recenth' reported that 
stimulation of small diameter nerve fibres 
could initiate slow contractions in frog mus- 
cles. It appears that no electrical investiga- 
tion of this problem has j^et been made, nor 
have the structures giving slow contractions 
been identified. The present investigation fol- 
lowing Tasaki and Mizutani’s study clearly 
demonstrates a separate neuromuscular sys- 
tem which may well be involved in tonus and 
contracture and which has been missed because 
of the much greater action of the well-known 
twitch system. This latter has been elim- 

* Soyinoiir Coinan Follow. The present invcstig.i- 
lion w:is aided hy grants from the Seymour Coman 
Fund .'ind the Dr. Wallace C. and Clar.a A. Abbott 
Memorial Fund of the University of Cliicago. 

1 Ta.sahi, I., and Mizntani, K., .Tap. J. Med. 
Scirnrrx, 1944. 10, 237. 


inated (a) by progressive pressure block or 
galvanic block applied to the frog’s sciatic be- 
low the point of stimulation following Leksell- 
(the large fibres failing sooner) and then ob- 
serving various leg muscles, or (b) bt' cutting 
all but the desired fibre^ in a small nerve 
(about 10 fibres) to an isolated toe muscle 
(extensor longus digit! IV., 15 mm long, 40 
to 60 fibres) observed under the microscope. 

As compared with the usual motor nerve 
fibres, those here active are of smaller di- 
ameter, higher threshold, greater resistance 
to pressure or polarization block and slower 
conduction. They are probably not autonomic, 
since they may be larger than 5 micra. A 
single impulse in one evokes a barely visible 
movement of an attached small muscle, re- 
peated impulses at 3 to 4 a second give a 
small local shortening and at 20 to 50 a strong 
slow local contraction appears and in some 
preparations an occasional fully-propagated 

SLcksell, L., Acta Physiol. Scancl., 1945, 10, 
suppl. 31, S4. 
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I'm. 1. 

a JI semitendinosus. Spontaneous activity recorded during “rest” in circulated spinal 
nreniration b. Same preparation; activity follonung on weak reflex excitation (touching of 
Wes'! Note inevcascd frequency of local potentials and appearance of some propagated 
imnuises The latter are accompanied by small twitches, e. Activity abolished after cutting 
rmrve suoplr. d. JI. extens. long. dig. IV. Potentials set up by stimulation of a single small nerve 
fiber at 20 per sec. Occasional propagated impulses appeared during tliis series. Amplification 
the same in all records. 


twitch may also be set up (Fig. Id). Along 
with the accompanying potentials the local 
shortening is limited to the region of the 
neuromuscular junction. 

The local muscle potential resembles the 
usual endplate potential as obtained after 
curarization.® It appears after a longer in- 
terval following stimulation of the nerve is 
often slower on rise and fall, and >5 smaller 
than the curarized endplate potential. The 
local potential rises, to a peak of approxi- 
mately 0.2 mV when excessive short-circmting 
is avoided, in 3 to 4 msec, and falls to half m 
about 13 msec. When recording the activity 
fom the surface of exposed “resting” muscle 

ocal potentials of widely varying time course 
local p represent 

SeTrue time couise of individual potentials 
but are a composite effect of ^^^tiple scat- 
j' *fc ’Renetitive stimulation at 20 to 
StrS:a»«"n^.ad.«si|n.«canno^^^ 

“Sal 

j. yeKrophj/siol., 1- 1 


cal contractions and potentials has recently 
been studied in Crustacea.^ 

Although the local and propagated muscle 
responses are so different, the same musde 
fibres may be involved in both. The occasional 
appearance of fully conducted twitch re- 
sponses with the local potentials on tetanizing 
of a small nerve fibre has been mentioned 
(Fig. Id). Further, dissection of small mus- 
cle bundles shows that the muscle fibres are 
all similar and that the same ones can be 
excited by “small” and “large” nerve fibres. 
Both types of nerve endings, therefore, can 
occur on one muscle fibre. One small nerve 
fibre can supply multiple groups of endings, 
each group reaching several muscle fibres 
in a single area, as revealed by as many as 
three regions of local potential and shortening. 

The local potentials, with or without propa- 
gated ones, can easily be obtained from the 
surface of many leg muscles in the circulated 
spinal frog. They appear at varying fre- 

4 and Kuffler, S. W., Proc. £o!/. Soc!! 

B 133; 3/4* 
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quencies (Fig. la,b) depending on the number 
of sensori' impulses reaching the cord from the 
peripher^^ The\^ can develop tensions of 10 
to 15% of a maximal twitch response. Nen'e 
section abolishes them (Fig. Ic). IMammals 
have not yet been studied. 

Summary. A separate small-nerve motor 
system to frog skeletal muscles is described. 
It is active reflexly and maj^ be related to 
muscle tone. It evokes local potentials and 


local shortening at the region around the 
ner\'e-muscle junctions, in sharp contrast to 
the propagated twitches and muscle impulses 
which can be elicited, by the usual motor 
nen-es in the same muscle fibres. Small fibre 
activity alone may set up appreciable muscle 
tension. 

I wish to thank Dr. K. W. Gerard for Ids stimu- 
lating interest :ind help and also Jlr. L. Boyarsky 
for much assistance. 
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BenadryH Fails to Protect Against the Histamine-Provoked Ulcer.f 

Stanley R. Friesen, Ivan D. Baronofsky, and Owen H. Wangensteen. 
From the Department of Surgery, University of Minnesota, Minneapolis, Minn. 


It has been shown that synthetic benzhy- 
dryl alkamine ethers are capable of prevent- 
ing fatal asthma induced in guinea pigs by 
administration of histamine either intravenous- 
1}’ or by inhalation of atomized aqueous 
solution.^ These drugs also have been dem- 
onstrated to be effective in alleviating ana- 
phylactic shock in guinea pigs- and dogs.® 
Lowe and his associates also found that the 
activity of the synthetic benzhydrjd alkamine 
ethers equaled or exceeded that of the 2 
Fourneau histamine antagonists, th 3 Tnox}'- 
ethjddiethj’l amine (929F) and N-phenjd-N- 
ethjd-N'-dieth\denediamine (1571F).® The 
latter drugs (929F) and (157 IF) have been 
showm to produce no alteration of gastric re- 

* Benadryl was supplied through the courtesy 
of Parke-D.a\is Company. 

t The researches upon which this presentation 
is based were supported by the Augustus L. Searle 
Fund for Experimental .Surgical Bcsc.arch, the 
Citizens’ .Aid Society, the Robert A. Cooper Fund 
for Surgical Research, and by grants of the Gradu- 
ate .School of the University of Jlinnesota. 

1 Loew, E. R., Kaiser, M. E., and Moore, U., 
/. Pharm. anil Exp. Thcrap., 1945, 83, 120. 

- Loew, E. R., and Kaiser, M. E., Pr.oc. Soc. 
Exp. Biol. .\xn Mr.n., lOt.I, .IS, 235. 

3 Wells, .1. A., Morris, II. C., and Dragstedt, 
C. A., Pr.oc. .Soc. Exp. Biol. .\xd JIed.. 1D4G, 
Cl, 104. 


sponse to histamine in Heidenhain pouches 
in dogs.'*'® 

Of the various synthetic benzhydrjd alka- 
mine ethers, yS-dimethylaminoethjd benzhy- 
dryl ether hj’drochloride (benadryl) was 
found to be the most potent histamine an- 
tagonist in alleviating anaphylactic shock and 
histamine-induced asthma in guinea pigs. 

The effect of benadrjd on the action of 
histamine as judged bj’ blood pressure changes 
has been studied.*^ It was found that bena- 
drjd given intravenouslj’ in the amounts of 
3 mg per kg body weight abolishes the fall 
in blood pressure in dogs produced bj’ 0.001 
to 0.002 mg per kg body weight of histamine. 
In that studj', the amount of histamine 
“antagonized” bj’ given doses of benadrjd was 
quantitated and the mechanism of this “an- 
tagonism” was stated to be owing to the 
adsorption of benadrjd onto the site of action 
of histamine, a circumstance which Wells and 
his associates believes disturbs the histamine 
equilibrium such that a given amount of his- 

BurcIicII, II. D., and Varco, R. L., J. Pharm. 
anH Exp. Thcrap., 1942, 75, 1. 

Ilallenbcck, C. A., Jin. J. Physiol., 1943, 
130, 329. 

G Wells, J. A., Morris, H. C., BuR, H. B., and 
Dragstedt, C. A.. .1. Pharm. and Exp. Thcrap., 
194o, 85. 119. 
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tamine has much less opportunity to reach 
and combine with its site of action. 

The effect of benadryl on gastric secretion 
stimulated by histamine in dogs with Heiden- 
hain pouches has been reported to show a re- 
duction of approximately 40% in gastric secre- 
tion in 3 of the 4 dogs studied (8 out of 12 
experiments).' 

It is the purpose of this study to determine 
whether benadryl is effective in altering the 
gastric secretory response to histamine, or in 
protecting against the histamine-provoked ul- 
cer in dogs. 

Methods and Experiments. Seventeen dogs 
were used in 2 series of experiments. 

Series I: In the first series 2 Pavlov (in- 
nervated) and 2 Heidenhain (denervated) 
pouch dogs weighing 15 to 30 kg were used. 
The animals were fasted 18 hours previous to 
each experiment. Samples of gastric secre- 
tion were obtained every 30 minutes for 3 
hours after histamine stimulation and studied 
for volume, free hydrochloric acid, and total 


acid. 

Six sets of observations were made; 

(1) Study of the gastric response to 0.5 mg 
aqueous histamine administered subcutaneous- 
ly for standardization of the experiments. 


(12 experiments). 

(2) Study of the gastric response to the 
same dose of histamine subcutaneously, the 
animals having received benadryl orally in 
doses of S to 10 mg per kg body weight 30 
minutes previously. (12 experiments). 

(3) Study of the gastric response to the 
same dose of histamine subcutaneously, the 
animals having received benadryl subcutane- 
ously in aqueous solution in doses of 10 to 30 
mg per kg body weight 20 minutes previously. 
(24 experiments). 

(4) Study of the gastric response to bena- 

drvl alone in doses of 5 to 10 mg per kg body 
weight administered orally and subcutaneous- 
Iv (8 experiments). . 

(5) Study of gastric response to histamme- 
in-beeswax mixture alone (30 mg base) as 
prepared after the method of Code and \ arco 
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administered intramuscularly. (4 experi- 
ments). In this way, gastric response over 
a 24-'hour period was studied. 

(6) Stud}^ of the gastric response to the 
simultaneous injections of histamine-in-bees- 
wax (30 mg base intramuscularly) and bena- 
drjd-in-beeswax mixture (100 mg intramus- 
cularly) .prepared in the same manner. (4 
experiments) . 

Series II; Thirteen healthy intact dogs 
weighing 10 to 25 kg ivere used. 

Seven dogs were given daily intramuscular 
injections of histamine-in-beeswax (30 mg 
base) and benadryl-in-beeswax (100 mg) 
simultaneously several hours after feeding. 
As controls, 4 dogs were given daily intra- 
muscular injections of histamine-in-beeswax 
alone (30 mg) and 2 dogs were given daily 
intramuscular injections of benadryl-in-bees- 
wax alone (100 mg). Animals surviving 40 
days were sacrificed at that time; others died 
or were sacrificed when signs of impending 
death were present. 

Results. Series I; The results of the 
studies on gastric secretion can be summarized 
by stating that in 40 experiments benadryl 
had no demonstrable effect on the secretory 
response to histamine. There was no evi- 
dence of decrea-e in volume or acidity of the 
secretion with bcnadrjd premedication. Some 
of the data indicated that there was a slight 
increase in quantity and acidity with slight 
prolongation of the gastric secretion in re- 
sponse to histamine after benadryl adminis- 
tration. 

Series II: (Table I). Results of simultane- 
ous daily injections of histamine-in-beeswax 
and benadryl-in-beeswax show that all (7) 
dogs developed gastric and/or duodenal ulcera- 
tion. The 4 dogs receiving histamine-in- 
beeswax alone developed ulceration. Of the 
2 dogs receiving benadryl-in-beeswax alone, 
one died after 19 daily injections demonstrat- 
ing early gastric erosions and petechial bleed- 
ing points; the other, sacrificed at 40 days, 
showed no demonstrable pathology. 

The 7 animals receiving both drugs were 
noted to become more debilitated as evi- 
denced by greater weight loss, anorexia and 
listlessness than those receiving histamine 
alone. This occurrence also is reflected in 
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TABLE I. 


Results of Daily Injections of n itixturc of Bellad^Yl-ill-l)ces^Yax and Histnmiiie-in-beeswax. 


Dog Xo. 

AVt in kg 

Daily dose of 
benadrj’l, 
mg 

Daily dose of 
liistamine 
base, mg 

Xo. of inj. 

Results 

1 

25 

100 

30 

14 

Duodenal erosions 

o 

20 

100 

30 

5 

Three duodenal ulcers, 

3 

19 

100 

30 

40 

one perforated 
Duodenal ulcer 

4 

16 

100 

30 

40 

yj yy 

5 

13 

100 

30 

40 

yy yy 

G 

10 

100 

30 

29 

yy yy 

7 

13 

100 

30 

40 

Hemorrhagic gastritis 
Duodenal ulcers 

Control.s 

8 

24 

0 

30 

40 

Gastric ulcer 

9 

23 

0 

30 

40 

Duodenal ulcer 

Gastric ulcer 

10 

25 

0 

30 

40 

Duodenal ulcer 
yy yy 

11 

13 

0 

30 

40 

yy yy 

12 

20 

100 

0 

19 

Gastric erosions 

13 

15 

100 

0 

40 

Petechial bleeding points 
Xegative 


the circumstance that onlj' 4 of the 7 dogs 
suiA’ived 40 days, while all 4 receiNung only 
histamine sur\’ived 40 days. The 2 receiving 
benadryl alone sur\’ived 19 and 40 days. One 
dog receiving both drugs died after 5 daily 
injections of perforated duodenal ulcers with 
peritonitis. One was sacrificed because of im- 
pending death after 14 dajly injections of both 
drugs and showed duodenal erosions, and one 
sacrificed after 29 daily injections showed 
duodenal ulcers and hemorrhagic gastritis. 

Discussion. Evidence of untoward reac- 
tions to benadr\d were observed in occasional 
instances consisting of vomiting when given 
orally in doses of 10 or more mg per kg of 
body weight; therefore, we were unable to 
evaluate the effect of larger doses by this 
route. 

.Administration by the subcutaneous route 
was used to study the effect of larger dosages 
of benadryl. These dosages were as great and 
greater than those calculated to be capable of 
“antagonizing" 0.5 mg of histamine as judged 


by blood pressure response. 

The fact that some of the data (approxi- 
mately 40%) showed increased volume and 
acidity where benadrt'l premedication was 
given over the response to histamine stimula- 
tion alone is not of great significance be- 
cause the increase was not great. In this 
respect, benadrj'l, when given alone, produced 
neither an increase nor a decrease in the level 
of gastric secretion in fasting pouch dogs. 

The results found in this stud}’’, together 
with the failure of a consistent decrease in 
gastric secretion as reported bj' others' in- 
dicate that benadrj’l is not a specific an- 
tagonist of histamine, but counteracts some 
of the effects of histamine bj’ virtue of its own 
pharmacological action. 

Conclusions. 1. Benadrj’l fails to alter the 
gastric secretory response to histamine stimula- 
tion in pouch dogs. 2. Benadrj’l (given in 
100 mg doses in beeswax mixture intramus- 
cularly) fails to protect against the histamine- 
provoked ulcer in dogs. 
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Cultivation of Bacterium tularense in Peptone Media.* 


T. L. Snyder, R. A. Penfield, F. B. Engley, Jr., and J. C. Creasy. 
(Introduced by K. H. Lewis.) 

From Camp Bctricf:, Md. 


Until recently Bacterium tularense has re- 
sisted attempts at cultivation in any fluid 
medium or on any but complex solid media^ 
and until recently no dilution plate counting 
method was described for this organism. Since 
1942 there have been described several semi- 
synthetic liquid media,-'^ and a more easily 
prepared fluid medium containing heart in- 
fusion broth, hemoglobin, glucose and cystine.-* 
Larson"’ has further modified this last medium 
by replacing the hemoglobin with a complete- 
ly soluble erythrocyte extract, and has quanti- 
tatively confirmed earlier suggestions-'-* that 
large inocula are required for propagation 
in liquid media. 

Through a process of elimination and sub- 
stitution, starting from Rhamy’s hemoglobin 
cystine heart agar® we found it possible to 
derive more simple fluid and solid media quite 
satisfactory for routine use. These consist 
of 2fo Difco Bacto Peptone, 1% sodium 
chloride and 0.1% glucose, with or without 
2% Difco Bacto Agar. The hydrogen-ion 
concentration is not adjusted before steriliza- 
tion. The only precaution that need be care- 
fully observed is the use of relatively large 

inocula. . ... 

The 28 strains which were investigated are 
listed in Table I in order^ of decreasing 
virulence. All strains were originally isolated 
from human sources and presumably were 


Camp Detrick, Frederick, 
Md., between Febrn-nry, 1944, and June 1945. 

1 Francis, E., J. Fact., 1942, 43, 3 . 

"Berkraan, Sam, J. Infect. V,s., Wi.., .1, -01. 
STamura, J. T., and Gibby, I. IV., J. Bad., 

E. i, 

5 Larson, C. D., u. 


troit, Mich., 1943). 


highljp virulent at the time of isolation. iMost 
of the strains, together tvith information con- 
cerning their histories, were supplied us by 
Professor Lee Foshay. The exceptions are 
Strain Ince (Professor Cora M. Downs) and 
Strain 38 (National Institute of Health). 
The donors’ designations are used through- 
out. Virulence titrations were carried out 
by injecting groups of 6 mice intraperitoneal- 
ly with appropriate 10-fold serial dilutions 
of suspensions of equivalent turbidity (T-SOO 
Fullers earth standard. National Institute of 
Health). The 50% lethal doses were cal- 
culated by the method of Reed and Muench'* 
from the percentage mortality within 10 to 
14 days, and are recorded as dilutions of 
the standard suspension. We are indebted to 
Capt. L. L. Coriell for many of these titres, 
which are taken from his unpublished data. 

Peptone broth was tested for its ability to 
permit the growth of the 28 strains, using 50 
or 100 ml of medium in 250 ml Erlenmeyer 
flasks. The primary cultures were inoculated 
into this medium sufficiently heavily from 
stock blood cysteine agar slants to produce 
a faint turbidity, and the remaining transfers 
were made with sterile pipettes. All strains 
were tested for at least 9 consecutive trans- 
fers before terminating the experiment. 
Twenty-one strains could be maintained by 
the use of 1% inocula (f.e., one ml of 24-hour 
broth culture as inoculum for 100 ml sterile 
broth). A few representative strains of this 
group (Dieck, Ince and Camp) have been 
carried through more than 20 transfers, and 
Strain Schu through 98 transfers, without 
difficulty. The remaining 7 strains required 
a larger inoculum for serial cultivation, 10% 
being successful in all cases. Strain 38, repre- 
senting this group has been maintained 
through about 20 transfers under these condi- 
tions. With one e.xception (Strain LR), 

7 B<;ed, L. J., and Mnench, H., Am. J. B.yg 
1938, 37, 493. 
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TABLE I. 

Characteristics of Strains TnYcstigated. 


Strain 

-Area and year 
of isolation 

50% lethal dose 
(ml standard suspension) 

Growtli with 1% 
transfers 

Clir* 

Ohio. 1937 

<10-W 


Gib* 

Oliio, 1941 

<10'U' 

-U 

Ki* 

Virginia. 1932 

<10-10 

* 4- 

Holt* 

Kentuekv, 1944 

10-lo.c 

-r 

Fox 

Oliio, 1940 

10-».S 


Dieck* 

U. S. A.. 1944 

10-ti.G 

-f- 

Camp* 

Kentuekv. 1944 

10-!).r. 

-r 

Carr* 

r. S. A.. 1944 

10-ft.-'. 

-k 

Inee* 

Kansas, 1944 

lO-t'.a 


Scliu* 

Ohio, 1941 

lO-f.5 


Sclierm* 

r. S. A., 1944 

10-ft.a 

4* 

Coll* 

r. .S. A., 194.J 

10-s.s 


Chur 

Ohio, 1941 

10-s.c 

JL 

LE 

.Ark.ans.as, 1927 

10-S.r. 


Hugii 

Oliio, 1940 

10-9.3 


J.ip 

.T.ajiaii. 1920 

lO-i.-t 


HD 

-Austria, 1935 

10-1 .0 

-k 

Sto* 

Ohio, 1937 

10-3.0 

4 - 

PF* 

Ohio, 1930 

10-a.r. 


Huss 

Eussia, 1928 

10-2.0 

4* 

De P 

Ohio, 1938 

>10-2.0 

-k 

Die 

California. 1938 

>10-2.0 



Russi.n, 1928 

10-1. r 



Pi 

Oliio, 1938 

lO-i.o 

4 - 

Oiiara 

.Tapaii, 1931 

10-1.0 


26 

Ctah, 1021 

10-1.0 



Li* 

Canada. 1934 

>10-1.0 

-k 

38 

rtah, 1920 

avirulcnt 



* Tield in peptone brotli determined by dilntion plate count. 


strains requiring an inoculum in e.xcess of 1 % 
were found among those of lesser virulence. 

-•Ml strains appeared to grow quite as lux- 
uriantly in the 1st and 2nd passages in pep- 
tone broth as in later ones, indicating that 
no process of adaptation was required. The 
yields of 14 strains (indicated in Table I 
by asterisks) could be determined by means 
of a dilution plate counting method described 
elsewhere.® All produced one to 5 billion 
viable organisms per ml in 24 to 48 hours 
at 37 "C in 50 ml cultures. The effect of 
aeration on yield was demonstrated with 
Strains Schu, Camp, Dieck and Ince. An 
increase in the volume of culture from 50 
to 100 ml in 250 ml Erlenmeyer flasks de- 
creased the yield to between 200 millions 
per ml and 800 millions per ml, while active 
aeration by means of spargers or by constant 
shaking increased it to between *3 and 10 
billions per ml in 24 hours. Incubation at 

S Snyder. T. L., Engicy, F. B., .Tr., PenRetd, 
E. mid Crensy, .T. C.. J. Bncl., 1940, 52, 241. 


23 to 25 ’C decreased the growth rate, but 
similar or slightly higher final j-ields were ob- 
tained after 48 to 72 hours. The remaining 
14 strains produced roughly equivalent tur- 
bidity, but the yields could not be determined 
by the plate-counting method. 

The effect of alterations in the composition 
of the fluid medium was investigated, using 
Strain Schu. The average jdeld was halved 
by decreasing the peptone concentration to 
1%, but some growth occurred with as little 
as 0.25%. Bacto Peptone could be replaced 
by Proteose Peptone, Proteose Peptone No. 3 
or Bacto Trjiptose, but not by Neopeptone or 
Bacto Trrptone. No difference in jdeld was 
observed with 10 different lots of Bacto 
Peptone. Two and 4% corn steep liquor 
supported somewhat less lu.vuriant growth 
than 2% peptone. Sodium chloride was found 
to be approximately optimum over the range 
0.4 to 2.0% in the presence of one and 2% 
peptone, but 0.2% gave a poor yield. Glucose 
was included because there is evidence that 
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TABLE II. 


Effect of Inoculum Size and Seducing Agents on Growth of Strain Scliu in Peptone Broth. 


Beducing agent 

Inoculum 
(Xo. of cells 
per 100 ml flask) 

Xo. of flasks 
inoculated 


Xo. of flasks turbid 
after incubation (brs) 


io 

24 

40 

48 

88 

96 

33g' 

1 

0 

380,000,000 

2 

2 

2 

2 

o 

2 

2 

O 


38,000,000 

3 

3 

3 

3 

3 

3 

3 

3 


3,800,000 

3 

0 

0 

0 

0 

2 

3 

3 


380.000 

2 

0 

0 

0 

0 

0 

0 

0 

0.1% cysteine-HCl 

38 

3 

0 

0 

3 

3 

3 

3 

3 


3.8 

3 

0 

0 

3 

3 

3 

3 

3 


0.3S 

3 

0 

0 

2 

o 

O 

o 

2 


0.038 

3 

0 

0 

0 

0 

0 

0 

0 

0.01% tliioglvcollatc 

38 

3 

0 

0 

3 

3 

3 

3 

3 


3.8 

3 

0 

0 

0 

3 

3 

3 

3 


0.38 

O 

0 

0 

0 

0 

0 

0 

0 


0.038 

3 

0 

0 

0 

0 

0 

0 

0 


it is utilized/'® but our results did not in- 
dicate any stimulation by either 0.1 or 1.0%. 
Variation of the hydrogen-ion concentration 
over the range pH 6.5 to 7.2 appeared to 
have no effect. 

Only Strains 38, Schu and Chur were tested 
on peptone agar slants. These strains were 
twice carried through 20 successive passages 
without difficulty before terminating the ex- 
periment. Transfers were usually made at 
24-hour intervals by spreading a 2 mm loop- 
ful of growth over the surface of the sterile 
slant. ■ Growth appeared to originate within 
streahs of the inoculum, thence spreading 
over the entire surface. The yield appeared 
equivalent to that on Rhamy’s medium,® but 
was somewhat less than that obtained with 
blood cystine agar.^® 

The effect of continued cultivation on re- 
tention of virulence was investigated only with 
Strains Schu and Chur. Titrations were car- 
ried out as described above, but in this case 
nlate counts made on the same suspensions per- 
mit us to report the 50% lethal doses m terms 
of numbers of organisms. Repeated titration 
of stock cultures of these strains gave end^ 
points falling within the ^ ^ 

organisms. No decrease m virulence i^as de 
Sable mth either strain after 34 passages 
“peptone agar at 3 7-C. or with Stram Chur 


after 30 passages in peptone broth at 37°C. 
Broth cultures of Strain Schu were studied 
more extensively. Of 5 separate series, each 
carried through 50 passages at 25°C, none 
showed any decrease in virulence, whereas of 
5 series carried through 50 passages at 37 °C, 
3 showed no loss and 2 had decreased to such 
an extent that the 50% lethal doses were 
130 thousand and 11 million organisms re- 
spectively. 

The minimum effective inoculum for con- 
secutive cultivation in peptone broth was de- 
termined more precisely in the case of Strains 
38 and Schu, which were selected as repre- 
sentatives of the 2 groups previously described. 
In this study, the incubation periods were 
held constant at 24 hours and the inocula 
varied from 0.1 to 10.0%. Strain 38 could be 
carried only through one or 2 transfers with 
5% or smaller inocula, whereas the control 
series was maintained through 20 passages 
with 10% inocula before being discarded. 
Strain Schu could be maintained indefinitely 
with 1% inocula, but the 0.3% inoculum 
series failed to become turbid within 24 hours 
in the 3rd passage, and the 0.1% series in 
the second. On the basis of plate counts of 
24-hour cultures it was possible to estimate 
that the minimum inoculum for Strain Schu 
under these conditions was about one to 4 
million organisms per ml of fresh medium. 

The constancy of the minimum inoculum 
size as a characteristic of the strain is open 
to question. Strain 38 was re-examined after 
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2 years cultivation on blood cysteine agar and 
still required an inoculum in excess of 1%, 
but one series of Strain Schu has shown a de- 
crease in the minimum inoculum size to less 
than 30 organisms per ml after 43 or less 
passages in peptone broth. This cannot be 
referred to the effect of a different lot of 
medium since a control series in the same 
lot demonstrated the usual requirement for 
a large inoculum. 

Three independent lines of investigation 
appear to relate the dependence of Bacterium 
tularcmc on large inocula to an inhibitory' 
action by oxygen or bj' elevated oxidation- 
reduction potential of the medium. This is 
indicated by the effect of reducing agents and 
decreased oxygen tension on the size of in- 
oculum required, and by the form of growth 
which occurs in agar shake cultures. 

Table II shows the effect of reducing agents. 
Both cysteine and thioglycollate decreased 
the minimum effective inoculum of Strain 
Schu from between 4,000 and 40,000 organ- 
isms per ml to approximately one organism 
per flask. These compounds have also been 
shown to permit the growth of “strict” 
anaerobes in fluid cultures exposed to air,**-*- 
and to decrease the minimum effective 
inoculum of certain facultative species.*® 

The effect of o.xygen tension was investigat- 
ed b,v inoculating peptone agar slants with 
serial 10-fold dilutions of Strains 38 and Schu 
and incubating 5 days in mixtures of air and 
nitrogen. Undiluted commercial nitrogen 
(assumed to contain 0.5% o.xygen) reduced 
the minimum effective inoculum of Strain 38 
to approximately 40,000 per slant, as com- 
pared with 4,000,000 per slant in air (21% 
oxygen). Strain Schu was less affected, the 
minimum inoculum being reduced from 400 
per slant to about 4 per slant, with the 
optimum at an estimated 1.25% oxygen. 
These o.xygen tensions are within the range 
which permits the growth of several “obliga- 

" QH;istcl, .T. n,, iiml .Stojilifiisoii, M.. Biochcm. 
.1.. I'.r’C, 20, 112."). 

!-• V.-illiY, Oi'orRC, .1. Had., lUan, 17, 12. 

niOubus. ni‘11,% .?. Hsp. ifal, l!t20. Jfl, S59; 
19,10. o2, ail. 


tory” anaerobes on ordinary media.** 

In peptone agar shake cultures (0.5 to 
1.0% agar) growth of Bacterium tularcmc 
tended to occur in a narrow zone parallel to, 
but separated from the surface. This was a 
constant observation with Strain 38, in which 
case the zone was alwaj's at least 10 mm be- 
low the surface and increased in depth as 
the size of the inoculum was decreased. The 
zone was about one mm thick after 24 to 48 
hours, but increased by extension toward the 
surface and was several mm thick after a 
week. Strain Schu demonstrated similar 
growth stratification with dilute inocula (5000 
organisms per ml or less), but larger inocula- 
produced zones which approached the surface 
as the inoculum increased, until 500,000 to 
5,000,000 organisms per ml showed only a 
one mm thick zone contiguous with the sur- 
face. The presence of cysteine caused the 
growth zone to originate nearer the surface 
with all inocula, and to extend thereto within 
72 hours. 

.4n apparently identical growth formation 
in agar shake cultures has been described for 
Brucella abortus, and has been ascribed to 
this species’ requirement for carbon dioxide.*® 
The preceding experiments on the effect of 
reducing agents and air-nitrogen mixtures on 
Bacterium tularensc cannot lead to a similar 
conclusion, nor were we able to demonstrate 
any stimulation by the 2 or 3% carbon dio.xide 
atmosphere obtained by burning a candle in 
a closed jar. Similar stratification of growth 
has been observed with a few other bacterial 
species in ordinary’ media (see Braun*'* and 
Prevot*®) and ascribed to oxidation-reduction 
potential requirements,*® and can be induced 
with numerous facultative anaerobes by the 


ir McLeod, J. XV., Acta path, microhiol. Scand., 
1930, 20 (Suppl. III). 235. 

i.-- Wilson, G. S., DritiA, J. Hxp. Path., 1.031, 
12, 132. 

loBnmii, 11., Srhircic. X. aVgem. Path. Baht., 
193S, I, 201, 237, 207; 1939. 2. 309. 

IT Prevot, A. B., Ann. Sci. A'attir., Scr. Bot., 
1933, 15, 23, 

Prevot. A. R.. C. r,. Hoc. bio!.. 193S, 127, 489. 
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T. Pleuritis in Mice 


use of heavy-metal predpitants,^®-^®'-® high 
oxygen pressures,"' or decreased concentration 
of nutrients." 

The preceding observations appear to 
relegate Bacterium tularense to the poorly 
defined group of “microaerophiles,” as was 
suggested at one time by Foshay.®® The 
species is apparently unusually sensitive to 
mildly oxidizing intensity in the environment. 
Our data do not indicate whether this is re- 
ferable directly to molecular oxygen, or in- 
directly through the reaction of oxygen with 
constituents of the medium. As in the case 
of obligatory anaerobes and of other “micro- 

19 Burnet, P. M., J. Pnf/i. Bnct., 1927, 30, 21. 

20 King, J. IV., and Bettger, L. F., J. Bact., 
19i2, 44, 301. 

21 Williams, J, IV., Growth, 1939, 3, 21. 

22 Calm-Bronner, C. E., Proc. Soc. Exp. Biol. 
AXD ilED., 1940, 45, 454. 

2»FosliaT, Lee, Am. J. Clin. Falh., 1933, 3, 379. 


aerophiles,” inhibition tends to be abolished 
by reducing agents, decreased oxygen tension 
or large inocula. On the other hand, the need 
for oxygen is indicated by the absence of 
growth below characteristic levels in agar 
shake cultures, and stimulation of growth by 
oxygen is shown by the increased yields ob- 
tained in aerated broth cultures. 

Summary. 1. Bacterium tularense grew 
luxuriantly and retained virulence during con- 
secutive transfers in peptone broth and on 
peptone agar without blood or blood con- 
stituents. 2. Large inocula were required 
with the strains tested. The minimum effective 
inoculum was decreased by reducing agents 
or by a lowered oxygen tension over the 
culture, but growth was found to be dependent 
upon oxygen and stimulated by increased 
aeration. 3. Bacterium tularense appears to 
be an obligatory aerobe sensitive to mildly 
oxidizing environment. 
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Exudative Trypanosome Pleuritis of Mice Infected Experimentally with 

Trypanosoma crust. 

Mary N. Lewis. (Introduced by Robert J. Schnitzer.) 

From the Chemotherapy LaVoraiorics, Boffmann-La Roche, Inc.. Xiitlcy, y.,J. 


In the course of the routine transfer of a 
rain of Trypanosoma cruzi from mouse to 
louse it was found that some of the animals 
eveloped a pleuritis which seemed to be of 
oecific origin. Since we were unable to 
ind a description of this pathological condi- 
ion in the literature, our observations are 

iresented in this note. ^ ^ 

The strain of T. cruzi* was carried m mice 
ince August 1942 and was regularly trans- 
erred by subcutaneous, occasionally by mtra- 
IT \L\ iniection of blood containing the 
‘“T. 'The Sence of the sttam at the 
vhen the occurrence of pleuritis was 
' ipd had been increased by frequent 

first noted ^^Y ^ce- ,.3 ^f ^ge 

passages throughjmcejij 

L- 1909) was 

tlie American Type Culture Col- 
received from nie 

lection. 


(9-13 g). All the mice injected subcutane- 
ously with O.OS cc blood containing approxi- 
mately SO trypanosomes per microscope field 
(about 300 X lin. magnification) died within 
10-17 days. In general, trypanosomes ap- 
peared in the blood of infected animals 2-8 
days after inoculation, according to the num- 
ber of organisms present in the inoculum. 

The first observation was made in a young 
mouse (No. 234) which was inoculated sub- 
cutaneously the 28th of May, 1945 and died 
the 16th of June. At the autopsy ca. O.S cc 
of a clear pleural exudate was found contain- 
ing 20-30 trypanosomes per microscope field; 
0.1 cc of this exudate was injected intra- 
peritoneally into another mouse which showed 
prostration 13 days later. Its blood contained 
at this period a very large number of try- 
panosomes. The animal was sacrificed and 
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Fig. 1. 

Plcur.'i) e.vudntc of iiiou.st‘ No. 275, II days after 
sulicutancous infection witli T. cni:i. Free try- 
panosome forms. Intracellular leislimania-likc 
bodies in endotlielial cells. ( ■<-) 

the presence of a pleural e.xudate containing 
a large number of trypanosomes was noted. 
No bacteria could be cultured from this 
e.xudate on blood agar plates. 

A similar obser^'ation was made later on 
in another mouse; No. 247. This animal was 
infected subcutaneously on the Sth of Janu- 
ary, 1946 with 2 drops of blood containing 
9 trypanosomes per microscope field. The 
number of parasites increased progressively 
in the blood: 6 days after inoculation: 2 try- 
panosomes per 100 fields; 17 days after 
inoculation: 4 parasites per one field. The 
mouse died on the 17th day showing a pleural 
exudate containing 1-3 trypanosomes per 
microscope field and a few leishmania-like 
forms. One drop of the exudate injected sub- 
cutaneously to 2 mice lead to a lethal infec- 
tion. Microscopic sections of the heart and 
spleen of mouse No. 247 revealed the presence 
of numerous leishmania-like bodies. 

The microphotograph (Fig. 1) of the pleu- 
ral exudate of a young mouse shows the 
presence of free trj-panosome forms and intra- 
cellular leishmania-like bodies. The animal 
(mouse No. 275; 12 g) died 11 days after 
subcutaneous infection with an inoculum of 
0.05 cc of a suspension containing 50 para- 


sites per field. The number of trypanosomes 
in the peripheral blood increased from about 
14/field on the 3rd day to 160/field shortly 
before the death. Autopsy revealed the pres- 
ence of 0.1 cc pleural exudate. Smears of 
the spleen showed numerous leishmania-like 
forms. Transfers of the e.xudate on blood 
agar did not show growth of bacteria. 

In order to obtain information on the in- 
cidence of pleuritis in mice infected with 
T. cruzi, 26 young and 9 adult mice were 
infected subcutaneouslj'. They all showed 
trypanosomes (2-22 per 100 fields) within 3 
days, when the first examination was made. 
From this group of 35 mice, 25 died 9-17 days 
after infection, in 14 of them pleural e.xudate 
containing a large number of trypanosomes 
was noted. The volume of the e.xudate varied 
between 0.1 and 0.5 cc. Eight of the re- 
maining 10 mice were sacrificed 9-11 daj's 
after the infection; in 3 of them pleural 
exudate with numerous trypanosomes was 
found. Thus, altogether 51.5% of the 33 
mice examined presented pleural exudate con- 
taining trypanosomes and leishmania-like 
forms. In the adult group, 3 out of 9 mice 
developed pleuritis. 

A survey recently conducted by G. Soo-Hoo 
in this laboratory showed that 18 out of 46 
young mice (12-14 g) developed pleuritis 
(39%) after a heavy infection with a suspen- 
sion containing approximateh’’ 50 parasites 
per microscope field. Out of another group 
of 56 mice which died after having received 
a light infection (5-10 parasites per field) 
only 2 animals (3.6%) showed e.xudate in 
the pleural cavity. 

Sumvtary. In the course of the infection of 
young mice with T. cruzi the incidence of 
pleuritis was observed in 3.6 to 50% of the 
cases depending on the size of the inoculum. 
The serous exudate which was sterile if e.x- 
amined with bacteriological methods contained 
numerous trypanosome forms and intracellular 
leishmania-like bodies. 
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use of heavy-metal precipitants/®**®--® high 
oxygen pressures,-’ or decreased concentration 
of nutrients." 

The preceding observations appear to 
relegate Bacterium tularense to the poorly 
defined group of “microaerophiles,” as was 
suggested at one time by Foshay.®® The 
species is apparently unusually sensitive to 
mildly oxidizing intensity in the environment. 
Our data do not indicate whether this is re- 
ferable directly to molecular oxygen, or in- 
directly through the reaction of oxygen with 
constituents of the medium. As in the case 
of obligatorj' anaerobes and of other “micro- 

in Burnet, P. :Sl., J. Path. Pact, 1927, 30, 21. 

20 King, J. AV., and Bcttger, L. P., J. Pact., 
1942, 44, 301. 

21 AVilliams, J. AV., Growth, 1939, 3, 21. 

22 Calm-Bronner, 0. E., Proc. Soc. Exp. Bion. 
AXD Med., 1940, 4o, 454. 

23 Posliay, Lee, Am. J. Clin. Path., 1933, 3, 379. 


aerophiles,” inhibition tends to be abolished i 
by reducing agents, decreased oxygen tension | 
or large inocula. On the other hand, the need 
for oxygen is indicated by the absence of 
growth below characteristic levels in agar 
shake cultures, and stimulation of growth by 
oxygen is shown by the increased yields ob- 
tained in aerated broth cultures. 

Sumniary. 1. Bacterium tularense grew 
luxuriantly and retained virulence during con- 
secutive transfers in peptone broth and on 
peptone agar without blood or blood con- 
stituents. 2. Large inocula were required 
with the strains tested. The minimum effective 
inoculum was decreased by reducing agents 
or by a lowered oxygen tension over the 
culture, but growth was found to be dependent 
upon oxygen and stimulated by increased 
aeration. 3. Bacterium tularense appears to 
be an obligatory aerobe sensitive to mildly 
oxidizing environment. 
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Exudative Trypanosome Pleuritis of Mice Infected Experimentally with 

Trypanosoma crust. 

Mary N. Lewis. (Introduced by Robert J. Schnitzer.) 

From the Chemotherapy Lahoralories, Poffmann-Ln Poche, Inc., .A utley, P.J. 


In the course of the routine transfer of a 
strain of Trypanosoma cruzi from mouse to 
mouse it sxas found that some of the animals 
developed a pleuritis which seemed to be of 
specific origin. Since we were unable to 
find a description of this pathological condi- 
tion in the literature, our observations are 
presented in this note. 

The strain of T. cruzi* was carried m mice 
since August 1942 and was regularly trans- 
ferred by subcutaneous, occasionally by mtra- 
abdominal. injection of blood containing the 
narasites The virulence of the strain at the 
Se when the occurrence of pkuritis was 
first noted had been increased by frequent 
paiges .h, o.gt mica .t 3 'V»fca J^e 
— — : 'TTTr'T~cT^i (Chagas 1909) was 

lection. 


(9-13 g). All the mice injected subcutane- 
ously with O.OS cc blood containing approxi- 
mately SO trypanosomes per microscope field 
(about 300 X bn. magnification) died within 
10-17 days. In general, trypanosomes ap- 
peared in the blood of infected animals 2-S 
days after inoculation, according to the num- 
ber of organisms present in the inoculum. 

The first observation was made in a young 
mouse (No. 234) which was inoculated sub- 
cutaneously the 28th of Ma)’’, 1945 and died 
the 16th of June. At the autopsy ca. 0.5 cc 
of a clear pleural exudate tvas found contain- 
ing 20-30 trypanosomes per microscope field; 
0.1 cc of this e.\'udate W'as injected intra- 
peritoneally into another mouse which show'ed 
prostration 13 days later. Its blood contained 
at this period a very large number of try- 
panosomes. The animal was sacrificed and 
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TABLE I. 

Tlie Choline Content of Various Alaterials as Determined l)y the Relneckate and Xeuros^ora 

Methods. 



Choline content, % 

Material 

/ 

By reineckate 

\ 

By Neurospora* 

Purified dietf 

<0.03 

<0.04 

Semipurified diet* 

<0.03 

<0.04 

Simplified diet§ 

0.04 

>0.0S 

Peanut meal 

0.21 

>0.26 

Range of 5 practical diets 

0.10-0.13 

0.11-0.13 

Practical diet plus liver meal 

0.17 

0.26 


• The values preceded hy the greater-than sign are lower limits of ranges having higher 
mean values. 

i Diet 661 of McGinnis and co-rvorkers.S 
t Diet of Lucas and co-workers.-t 
J Diet 543 of McGinnis and co-rvorkers.u 

indicate that, except for those compounds 
which are determined as choline in the 
reineckate method, the only compounds of 
significant effectiveness for Neurospora are 
mono- and dimethylaminoethanol and mono- 
elhylcholine. 

On the simplified diet here studied, llc- 
Ginnis and coworkers® observed that choline, 
methionine, and betaine prevent perosis, but 
on the purified diet choline only was found 
to be effective. They concluded that choline 
per sc is required for the prevention of pero- 
sis. The results of Jukes and coworkers®-®-’” 

lu Jukes, T. H., Ole.son, J. .T., and Dornhush, 

A. C., J. Xiilrition, 1045, 30, 219. 


indicate that mono- and dimethylamino- 
ethanol and mono- and diethylcholine have 
choline activity for the chick. Itlono- and 
dimethylaminoethanol may function in the 
chick as choline precursors since these work- 
ers found that methionine augmented material- 
ly the effects of these compounds.^® 

McGinnis and coworkers® have suggested 
that precursors of choline are present in the 
simplified diet on which methionine and 
betaine prevent perosis. Jukes and Oleson® 
have suggested that simple precursors of cho- 
line might exist in natural foods. The ob- 
serv'ations reported in the present paper sup- 
port these views. 
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Changes in Alkaline Phosphatase of Kidney Following Renal Damage 

with Alloxan. 


Maud L. ^.Iexten and Miles Jaxouck. 

From Ihr nepdrtmi nt nf VnirfrxUp nf Pillsburrili, njid Childrrn'x Jloxpitnl, 

Pt((x6iirqfi, Pa. 


The alkaline phosphatase which occurs in 
high concentration in the proximal convoluted 
tubules of the kidney rapidly disappears dur- 
ing degenerative changes in these structures. 
The enzyme has been shown to be reduced by 
nephrotoxic drugs. -Mlo.xan in addition to 
its injurious action on the islets of Langerhans 
causes a varying degree of parenchymatous 


degeneration of the renal tubules and evi- 
dence is here reported of an associated deple- 
tion of renal alkaline phosphatase in the 
damaged kidney. 

White rats are readily susceptible to al- 
loxan. Bailey, Bailey and Leech' produced 

1 Dailvy, C. C., Bailey, O. T., .and Leccli, B. S., 
-Vrir 7Ciiri. J. 1044. 2.30, 3.34. 
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Further Evidence for Methylatable Precursors of Ghoiine in Natural 

Materials.* 

H. L. Lucas, 1 L. C. Norris, and G. F. Heuser. 

From the AgrmiUural Experiment Station and Seliooi of Xnlrition, Corneil Oniversitv, 

liltaca, E.r. 


In the course of work on choline metabolism 
in chicks the choline content of several diets 
was determined by both a colorimetric method 
and a microbiological method. The color- 
imetric method was essentially that of Thorn- 
ton . and Browne’^ using reineckate precipita- 
tion. Ethanol was used to extract the choline- 
bearing substances from the original materials. 
Hydrolysis was carried out with 3% HnS 04 
and the precipitation was done after neutral- 
ization to pH 6.0 with solid Ba(OH )2 and 
then to pH 7.5 with 1 N NaOH. The 
microbiological method was that of Horowitz 
and Beadle- using the Neurospora “choline- 
less” mutant 34486. The standards as well 
as unknowns were passed through the adsorp- 
tion and elution steps. Reproducibility was 
poor with the Neurospora method on some 
samples. The results are shown in Table I. 

On the purified and semipurified diets the 
2 methods were in close agreement. On the 
practical diet with liver meal and the simpli- 
fied diet, however, the Neurospora method 
gave substantially higher values. The sim- 
plified diet contained 15 fo peanut meal. 

The value of >0.08% obtained for the 
simplified diet by the Neurospora method is 
in essential agreement with that published by 


* This woik ivas supported in part by grants 
rom Commercial Solvents Corporation, Terre 
[auto, lud., the Cooperative G.L.F. Exchange, 
nc. Ithaca, X.T., and Lederle Laboratories, Inc., 
’carl Biver, E.T. The e.xperimental work was 
onducted in the laboratories of the Department 
f Poultry Husbandry. The assistance of Mrs. 
llossom Branton in conducting the analyses is 
■ratefullv acknowledged. 

t Now' with the Institute of Statistics, Univer- 
itv of Horth Carolina, Kalcigh, N.C. 

i Thornton, JI. H., and Browne, F. K., Ind. Eng. 

AjwI’ Ed’f l-'i) 

eH;rowitz, K. H., and Beadle, C. W., /. Biot. 
Chem., If 43, 150, 325. 


McGinnis, Norris and Heuser.® The value 
of <0.04% obtained by the reineckate method 
is in agreement with a value calculated from 
the choline contents of the individual in- 
gredients as published by Engel.® 

The higher value obtained by Neurospora 
on the practical diet containing liver meal 
might be expected in view of the results of 
Jukes and Oleson.® These authors found that, 
if a crude aqueous extract of liver was hy- 
drolized with Ba(OH )2 and then precipitated 
with reineckate, the resulting filtrate was ac- 
tive for Neurospora. 

Jukes and Dornbush^ observed that 
dimethylaminoethanol stimulated the mutant 
Neurospora in a manner similar to choline. 
.'Apparently, however, dimethylaminoethanol 
was not precipitated by reineckate when pure 
and was only partially precipitated in the 
presence of choline. These results suggest 
that those diets on which the higher values 
were obtained by the Neurospora method in 
the present study contain dimethylamino- 
ethanol or related compounds. Jukes and 
Oleson® have called attention to the fact that 
dimethylaminoethanol has been isolated from 
one member of the Leguminosae. 

Numerous compounds were tested with 2 
Neurospora “cholineless” mutants by Horo- 
witz, Bonner and Houlahan.'-’. Their data 

3 McGinnis, J., Norris, L. C., and Heuser, G. F., 
Proc. Soc. Exp. Bton. akd Med., 1944, 36, 197. 
rimeas, H. L., Norris, L. C'., and Heuser, G. F., 
aScu'iicc, 25, 373. 

Eiigci, E. W.. J. Xtitnfioji, 1943, 25, 441. 
fi.lukcs, T. H., and Oleson, J. J., J. Biol. Chem., 
1945, 137, 419. 

T Jukes, T. H., and Dornbush, A. C., Proc. Soc. 
E-VP. Biol, axd Med., 194.5, 38. 142. 

sjukes, T. H., and Welch, A. D., J. Biol. Chem., 
1942, 146, 19. 

fi Horowitz, N. H., Bonner, D., and Houlalian, 
J[. B.. J. Biol. C/icm., 1945, 139, 145. 
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TABLE I. 


Bcii.-il Alknliiie Phospli.Tt.'ise Aftcr'Alloxnn Injections of 300 to GOO mg per hg IVoiglit of B.Tt. 


Ilrs. after 
i«3Cctioi\ 

Avlieu rat 
killed 

300 mg 
aUoxun 

400 inp 
alloxan 

450 mg 
alloxun 

500 mg 
alloxan 

GOO mg 
alloxan 


II' 

III 

II 

III 

II 

ill 

II 

ill 

II 

It 

1.08 

47..5* 


2^ o 

520 

•23.8 

300 

22.0 

192 

1G.2 



50.G 


24.1 


20.S 


OJ o 


1G.2 

G 




22.4 


21.7 

208 

23.8 


2G.3 





21.7 


20.7 


25.1 


2G.9 

C 




55.2 



250 

33.0 







53.3 




33.0 




174 

27.4 



500 

13.7 


12.*^ 

37o 

12.8 



28.7 


23.0 


15.0 


ii.2 


13.4 

•14 



280 

2G.G 


20.9 



580 

27.1 





28.5 


2G.0 




23.9 

24 



580 

28.9 

(120 

29.7 









25.0 


2C.0 





20 




17.3 



305 

17.2 







17.3 




18.7 



20 



580 

19.5 



170 

16.3 







18.7 




14.9 



20 



020 

25.0 











27.0 







2H 

133 

32.0 











31.3 









30 



2X5 


290 

14.2 


10.9 







17.9 


13.7 


10.8 



30 




38.0 


19.8 

224 

24.8 







30.7 

580 

21.1 


25.8 



30 



130 

21.3 



540 

1G.8 







21.9 




IG.O 



48 




19.2 

230 

oo g 









19.2 


24.1 





48 




20.1 











18.5 







Xoriiuil cnntrol 

150 

40.,! 


50.0 




52.G 

73 

44.8 



42.0 


52.3 







Normal control 




4G.G 


58.4 


G2.G 

93 

53.8 





47.1 








I Wi'if;lit (if riit in niR. 

II I'nils iiIioH]iIiatas(! in duplicate per g wet kidnev. 

Ill Blood glucose in tng %. 

• Duplicate figures are included Lccauso of tlic fairly wide range of ViUriation obtained in tlie two 
values. 


a Standard in a Fisher electrophotometer. 
The standard was prepared by adding 15 cc 
of the 1:3 dilution of the Folin Ciocalteu 
reagent to 5 cc of a dilute standard phenol 
solution (containing 0.1 mg of phenol per 
cc) and diluting to 50 cc. To 4 cc of this 
mixture was added 1 cc of 20^o sodium car- 
bonate and the color allowed to develop for 
20 minutes. .-Ml tubes were read exactly 20 
minutes after the addition of the carbonate. 
For calculation of the alkaline phosphatase 
the following formula was used, vh. 

0.04 6 RU 

— — - ■ >. 500 X -Trr- = units of alkaline 

RS 4 \M 

phosphatase in 1 g of wet kidney; where 


0.04 

=: number of mg of phenol in 4 cc of 

RS 

standard divided by the reading of the stand- 
ard on the electrophotometer, (in our e.xperi- 
6 

ments RS = 100) ; - = fraction correcting 
4 

for aliquot used; 500 = dilution of ground 
kidney; RU = colorimetric reading of un- 
known kidney material less the colorimetric 
reading of control; Wt =: weight of kidney 
tissue used. 

Results and Discussion. The general re- 
sponse of our animals to alloxan was similar 
to that reported by other workers. The in- 
tensity of the symptoms usually increased 
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in these animals necrosis of tubular epitheli- 
um with a dosage of 200 mg per kg. Dunn 
and McLetchie," and Goldner and Gomori® 
reported somewhat similar results. 

Method. Alloxan was prepared from uric 
acid by the method of Fischer.”* White male 
rats of the Wistar strain in groups of 3 to 19 
animals, after withdrawal of food for 48 hours, 
were injected subcutaneously with a 5% 
aqueous solution of alloxan in dosage ranging 
from 25 to 600 mg per kg of rat. Many of 
the rats died in 20 to 48 hours following in- 
jection of 400 mg or more per kg and younger 
animals did not tolerate injections as well as 
older ones. The rats which survived were 
killed by a blow on the back of the neck at 
6, 21, 24, 26, 28, 30 and 48 hours after 
injection. Immediately after death, blood 
was withdrawTi from the heart for glucose 
determination and the kidneys were quickly 
removed for alkaline phosphatase studies. One 
kidney was cut in thin slices which were fixed 
in Zenker’s solution for routine sections, and 
in acetone and absolute alcohol for histo- 
chemical studies of phosphatase. 

The technic used for the histochemical 
preparations was that of the azo dye method,® 
Gomori’s method® and in many experiments 
the Rabat and Furth technic.'^ Paraffin sec- 
tions of kidney tissue fixed in acetone or al- 
cohol were sectioned at 5 ^ for routine stains. 
Sections of both normal and pathologic tissue 
were affixed to the same slide and subjected 
to identical procedures in order to obtain 
comparative values. 

The second kidney was used for chemical 
estimation of alkaline phosphatase which was 


2 Dunn. ,T. S., and MfLotchie, X. G: B., Laneci, 
1943, 2, 3S4. 

3 Goldner, M. G., and Goniori, G., Enilocnnologtj, 
1943. S3, 297. 

i Fisclier, Emil, Introduction to the Preparation 
of Organic Componncls, trans. by B. V. Standord, 
Van Xostrand Co., London, 1917, Stli ed. 

ajlcnten, 3L L., Jnnge, J., and Green, JI. H., 
J. Biot. Chcin., 1944, 158, 471; Proc. oc. -xp. 

Biol -CSD ilEO., 1944, 57, 82. 

cGomori, G., Proc. Soc. Exp. Biol, axd Med., 


1939, 43, 23. 

7 Kabat, A. E., 
1941, 17, 303. 


and Eurtli, J., Am. J. Path., 


carried out by a modification of King and 
Armstrong’s® method as follows. The cap- 
sule was stripped from the kidney and the 
pelvis and medulla cut away. Duplicate por- 
tions of tissue gauged to weigh between 0.4 
and 0.5 g were excised from the remaining 
organ, weighed exactly and each portion was 
ground in a mortar with alundum. Com- 
parable duplicate results were obtained only 
when approximately the above amounts of 
kidney were used. Each lot of ground tissue 
was washed from the mortar into a 50 cc 
centrifuge tube with 100 times its weight of 
0.85% sodium chloride and centrifuged 20 
minutes at 2,000 r.p.m. The clear super- 
natant fluid was again diluted with the saline, 
so that the final dilution of the ground kidney 
was 1 to 500. The reagents required for 
the tests were (1) buffer substrate containing 
1.09 g of disodium monophenylphosphate and 
10.3 g of barbital sodium per liter of distilled 
water, (2) the phenol reagent of Folin and 
Ciocaiteu® diluted 1 to 3 and (3) 0.1% stock 
phenol solution in 0.1 N HCl, the accuracy 
of which was controlled by titration proce- 
dures described by Peters and Van Slyke.*" 
Procedure. Into each of 4 test tubes, 4 cc 
of buffer were pipetted. Two of these tubes, 
used as duplicate controls, for the determina- 
tion of preformed phenolic bodies in kidney 
tissue were left at room temperature and the 
other pair of duplicate tubes were heated to 
37°C in a water bath. To all 4 tubes were 
then added 0.2 cc of the 1:500 dilution of 
ground kidney and 1.8 cc of dilute Folin- 
Ciocalteu phenol reagent. All 4 were heated 
for 30 minutes at 37°C, and then centrifuged 
for 7 minutes at 2,000 r.p.m. to remove pro- 
tein. A 4 cc aliquot of the supernatant fluid 
from each tube was pipetted into 4 electro- 
photometer tubes and 1 cc of 20% sodium 
carbonate added to each at successive one- 
minute intervals. After the color had devel- 
oped for 20 minutes thej^ were read against 

8 King, E. J., and Aimsti oiig, A. E., Can. Meet. 
Assn. 1934, 37, 376. 

!> Folin, O., and Cincalteu, V. J,, J. Biot. Chem., 
1927, 73, 627. 

lOPefcr-s J. P., and Van Slyke, D. D., Quantita- 
lire Clinical Chemistrg, Williams and Wilkins, 655, 
Vol. ir. 
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TAB1.E I. 


Bciinl Alkaline Pliospliatase After "Alloxan Injections of 300 to GOO mg per kg AVeiglit of Bat. 


Ilrs. .-iflor 
injection 
wlicn rat 
killed 

300 mg 
alloxan 

400 mp 
alloxan 

450 mg 
alloxan 

500 mg 
alloxan 

GOO mg 
alloxan 


II ’ 

i'll 

II 

III 

II 

ill 

II 

ni 

II 

fl 

158 

i-.o* 


24 2 

520 

23.8 

3G0 

22.0 

192 

1G.2 



50.G 


24.1 


20.8 


OJ o 


1G.2 

G 




22 4 


21.7 

208 

23.8 


2G.3 





21.7 


20.7 


25.1 


2G.9 

6 




55.2 



250 

33.0 







53.3 




33.0 



ei 

174 

27.4 



500 

13.7 


12.2 

srs 

12.8 



28.7 


23.9 


15.0 


11.2 


13.4 

24 



280 

2G.6 


20.9 



580 

27.1 





28.5 


2G.0 




23.9 

24 



580 

28.9 

f.20 

29.7 









25.0 


2G.0 





20 




17.3 



305 

17.2 







17.3 




1S.7 



2fi 



580 

19.5 



170 

1G.3 







18.7 




14.9 



2G 



G20 

25.0 











27.0 







28 

133 

32.G 











31.3 









30 



215 


290 

14.2 


1G.9 







17.9 


13.7 


1G.8 



30 




38.0 


19.8 

224 

24.8 







3G.7 

580 

21.1 


25.8 



30 



130 

21.3 



540 

1G.8 







21.9 




IG.O 



48 




19.2 

230 

oo g 









19.2 


24.1 





48 




20.1 











18.5 







Normal control 

150 

40.5 


50.0 


5o,3 


52.fi 

73 

44.8 



42.0 


52.3 







Normal control 




46.G 


58.4 


G2.G 

93 

53.8 





47.1 








I AVciglit of T.nt in mg. 

II Units pliosiiliatasc in duplicate per g wet kidnev. 

Ill Blood glucose in mg %. 

* Duplicate figures are included hccnusc of tlic fairlr wide range of rariafion obtained in tlie tno 
values. 


a standard in a Fisher electrophotometer. 
The standard was prepared by adding 15 cc 
of the 1:3 dilution of the Folin Ciocalteu 
reagent to S cc of a dilute standard phenol 
solution (containing 0.1 mg of phenol per 
cc) and diluting to SO cc. To 4 cc of this 
mixture was added 1 cc of 20% sodium car- 
bonate and the color allowed to develop for 
20 minutes. All tubes were read exactly 20 
minutes after the addition of the carbonate. 
For calculation of the alkaline phosphatase 
the following formula was used, vh. 

0.04 6 RU 

> “ X SOO X = units of alkaline 
Kb 4 \\ t 

phosphatase in 1 g of wet kidney; where 


V/.VT 

= number of mg of phenol in 4 cc of 

RS 

standard divided by the reading of the stand- 
ard on the electrophotometer, (in our experi- 
6 

ments RS = 100) ; - = fraction correcting 
4 

for aliquot used; 500 = dilution of ground 
kidney; RU = colorimetric reading of un- 
known kidney material less the colorimetric 
reading of control; Wt = weight of kidney 
tissue used. 

Results and Discussion. The general re- 
sponse of our animals to alloxan was similar 
to that reported by other workers. The in- 
tensity of the symptoms usuallj- increased 
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in these animals necrosis of tubular epitheli- 
um with a dosage of 200 mg per kg. Dunn 
and McLetchie," and Goldner and Gomori® 
reported somewhat similar results. 

Method. Allo.van was prepared from uric 
acid by the method of Fischer.’* White male 
rats of the Wistar strain in groups of 3 to 19 
animals, after withdrawal of food for 48 hours, 
were injected subcutaneously with a 5% 
aqueous solution of alloxan in dosage ranging 
from 25 to 600 mg per kg of rat. Many of 
the rats died in 20 to 48 hours following in- 
jection of 400 mg or more per kg and younger 
animals did not tolerate injections as well as 
older ones. The rats which survived were 
killed by a blow on the back of the neck at 
6, 21, 24, 26, 28, 30 and 48 hours after 
injection. Immediately after death, blood 
was withdrawn from the heart for glucose 
determination and the kidneys were quickly 
removed for alkaline phosphatase studies. One 
kidney was cut in thin slices which were fixed 
in Zenker’s solution for routine sections, and 
in acetone and absolute alcohol for histo- 
chemical studies of phosphatase. 

The technic used for the histochemical 
preparations was that of the azo dye method,® 
Gomori’s method® and in many experiments 
the Rabat and Furth technic.'^ Paraffin sec- 
tions of kidney tissue fixed in acetone or al- 
cohol were sectioned at 5 fi for routine stains. 
Sections of both normal and pathologic tissue 
were affixed to the same slide and subjected 
to identical procedures in order to obtain 
comparative values. 

The second kidney was used for chemical 
estimation of alkaline phosphatase which was 


2 Dunn, J. s., nntl McLctcliic, X, G; B., Lancet, 
'943, 2, 384. 

3 Goldner, JI. G., and Goniori, G., Enctocrinology, 
1943. 33, 297. 

4 Fischer, Emil, Introduction to the PreparaUon 
,/ Organic Compounds, tr.ans. by E. V. Standord, 
Van Xostrand Co., London, 1917, Stli ed. 

= Mentcn, IL L., Junge, J., and Green, M. H., 
J. Eiol. Chem., 1944, lj5_8, 471; Pnoc. Soc. Exp. 

’^TGomori?^G.,’pBOc’ SOC. Exp. Biol, and Med., 

‘TiS.: A. X. .... .X r.,,.: 

1941, PI, 303. 


carried out by a modification of King and 
Armstrong’s® method as follows. The cap- 
sule was stripped from the kidney and the 
pelvis and medulla cut away. Duplicate por- 
tions of tissue gauged to weigh between 0,4 
and 0.5 g were excised from the remaining 
organ, weighed exactly and each portion was 
ground in a mortar with alundum. Com- 
parable duplicate results were obtained only 
when approximately the above amounts of 
kidney were used. Each lot of ground tissue 
was washed from the mortar into a 50 cc 
centrifuge tube with 100 times its weight of 
0.85% sodium chloride and centrifuged 20 
minutes at 2,000 r.p.m. The clear super- 
natant fluid was again diluted with the saline, 
so that the final dilution of the ground kidney 
was 1 to 500. The reagents required for 
the tests were (I) buffer substrate containing 
1.09 g of disodium monophenylphosphate and 
10.3 g of barbital sodium per liter of distilled 
water. (2) the phenol reagent of Folin and 
Ciocalteu® diluted 1 to 3 and (3) 0.1% stock 
phenol solution in 0.1 N HCI, the accuracy 
of which was controlled by titration proce- 
dures described by Peters and Van Slyke.*® 
Procedure. Into each of 4 test tubes, 4 cc 
of buffer were pipetted. Two of these tubes, 
used as duplicate controls, for the determina- 
tion of preformed phenolic bodies in kidney 
tissue were left at room temperature and the 
other pair of duplicate tubes were heated to 
37°C in a water bath. To ail 4 tubes were 
then added 0.2 cc of the 1:500 dilution of 
ground kidney and 1.8 cc of dilute Folin- 
Ciocalteu phenol reagent. All 4 were heated 
for 30 minutes at 37°C, and then centrifuged 
for 7 minutes at 2,000 r.p.m. to remove pro- 
tein. A 4 cc aliquot of the supernatant fluid 
from each tube was pipetted into 4 electro- 
photometer tubes and 1 cc of 20% sodium 
carbonate added to each at successive one- 
minute intervals. After the color had devel- 
oped for 20 minutes they were read against 

8 King, E. .T., and .Armstrong. .A. E., Can. Med. 
Ansii. J.j 1934, 37, 37fi. 

9 Folin, O.. and Cioralteu, V. ,T., J. Biol. Clicm., 
1927, 73, 627. 

i0Pctcr.s, J. P., and Van Slyke, D. D., Quantita- 
tive Clinical Chrmistnj, Willinms and Wilkins, 655, 
Vol. II. 
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The reduction in renal phosphatase ob- 
tained on chemical analysis was paralleled 
by that found in histochemical preparations. 
The disappearance of the enayme following 
alloxan injection could readih' be detected 
by the naked eye in differences of color in- 
tensity occurring in microscopic sections from 
kidneys of alloxan treated and of normal rats 
when tissue sections of both affixed to the 
same slide were subjected to identical technic 
for the demonstration of alkaline phosphatase. 
Sections of normal kidney appeared deep gray 
or black, while those from treated animals 
were appreciabU’ paler. The loss of enzx'me 
occurred in the luminal border of proximal 
convoluted tubules and the ascending limb of 
the loop of Henle, areas in which the phos- 
phatase is localized normally. Frequently in 
rats receiving 400 mg per kg of alloxan the 
phosphatase was not only diminished in the 
luminal border of the tubular cells but was 
present in large amounts in the mitochondria 
within the contiguous cells. Hepler, Simonds 
and Gurley’^ reported a somewhat similar 
diffusion into these cells following injury bj’ 
nephrotoxic drugs. This redistribution of 
the enz\-me was not observed ivith higher al- 
loxan dosage. In a few instances the phos- 
phatase could not be demonstrated histo- 
chemicallj- in the proximal convoluted tubules, 
having been apparently, completely lost from 
these areas. In preparations of “Zenker” 
fixed tissue, with a parallel mounting of 
pathologic and normal sections on the same 
slide, which were stained with Heidenhain’s 
iron hematox>-lin stain, an augmented intensity 
of black stain occurred in the mitochondria 
in the kidneys of the alloxan-treated rats as 
compared to the normal animal. This finding 


i' Ileplcr, E. E.. .Simonds, .T. P., .-ind Gurley, 11., 
Pkoc. 8oc. Exp. Biol. .\xd Med., IQtO, 44, 221. 


is further evidence of the chemical change 
produced in the tubular cells by the alloxan. 
The mitochondria in the pathologic tissue 
appeared coarser and occasionally in sections 
which showed marked granular degeneration 
these structures also had lost their normal 
parallel alignment and had an irregular dis- 
tribution. 

Three rats which received 400 mg of al- 
loxan per kg were given insulin on the fifth 
day, with a restoration of the verj- high blood 
sugar to a lower level of 200 mg Jo. The 
lowering of the hj^perglycemia was not, how- 
ever, accompanied by am* apparent improve- 
ment in the renal alkaline phosphatase, as 
chemically and histochemically there was the 
same low level as in treated rats not receiving 
insulin therapy. This finding together with 
the fact that the diabetogenic dosage is lower 
than that which produces a reduction in the 
renal phosphatase leads us to believe that 
2 different mechanisms are involved in the 
damage caused by alloxan in pancreas and 
kidney. The demonstration by Lehman^ 
that alloxan in moderate concentrations in- 
hibits the con%’ersion of the Cori ester to the 
Robison ester and in high concentration some- 
times inhibits the formation of both esters may 
indicate that the alloxan acts in vivo by an 
interference with certain enzymes which dif- 
fer quantitatively or qualitatively in various 
tissues. 

Sinnniary. The injection of alloxan in 
dosage of 300 to 600 mg per kg of rat was 
followed by a definite decrease in the alkaline 
phosphatase of the kidney. With the 600 mg 
dosage this enzxme was reduced 50% or 
more. The decrease in the renal phosphatase 
obtained by chemical analysis was roughlv 
paralleled by the reduction demonstrated his- 
tochemically. 

i^Lehm.an, H., Biochem. J., 1939, S3. 1241. 
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TABLE II. 


Eenal Alkaline Phosphatase in Bats Dying After Alloxan Injection. 


Mg of alloxan injected 
per kg of rat 

'Wt in g of rat 

No. of lir after 
injection when rat died 

Units of phosphatase 
(in duplicate) per 
g of wet kidney 

300 

165 

48 

23.9* 

23.9 

400 

82 

25 

14.7 

14.7 

400 

171 

40 

13.7 

14.2 

450 

169 

40 

14.9 

14.8 

450 

205 

12-f 

15.1 

15.3 

450 

139 

54 

20.4* 

20.1 

450 

131 

60 

9.6 

9.3 

450 

132 

120 

19.2* 

19.2 


* Considerable amount of blood in kidney may be responsible for high values. 


with the dosage, although variations occurred 
in individual rats. Alloxan dosage of 100 mg 
or less per kg of rat produced practically 
no symptoms. After a dosage of 200 to 300 
mg per kg the animals remained hunched up 
in their cages for about 24 hours but did not 
appear ill, and only an occasional rat suc- 
cumbed to the injection. In 4 to 10 hours 
after the. injection of 400 mg of alloxan per kg 
the rats appeared listless and ill. After 24 
hours they were acutely ill and the excreted 
urine was tinted pink. Those which survived 
30 hours could not stand. Those which re- 
ceived 500 to 600 mg per kg did not live be- 
yond 28 hours, appeared acutely ill and their 
blood sugars ranged from 200 to 600 mg ^ 
at the time of death. The kidneys on excision 
appeared yellow or a mottled yellow and red. 
There was a progressive decrease in the sur- 
vival rate as the dosage increased. Three of 
the 4 rats receiving 300 mg per kg, 14 of 
19 rats of the 400 mg group and only 50^ 
of those which received the 500 or 600 mg 


dosage survived. 

Renal alkaline phosphatase was not de- 
creased when the dosage was 200 mg or less 
ner ke as shown in 4 groups of rats, each 
EonsisSng of 4 animals. Rats of each group 

were given subcutaneously respectively 2 , 

50 m and 200 mg per kg and killed 6 
24 ’ 28 and 48 hours after injection In al 
j’tta treated, as well as the normal control 


rats, we found the renal alkaline phosphatase 
to vary between 40 and 51 King and Arm- 
strong units per g of wet kidney. Doses of 
300 mg or more per kg caused an appreciable 
reduction in the phosphatase. The injection 
of 400 to 600 mg of alloxan per kg was con- 
stantly followed by a 50% or greater fall 
in the enzyme. With high dosage, considera- 
ble variation in individual animals in amount 
of residual enzyme was noted and generally 
the deleterious effect of the drug was en- 
hanced with prolongation of time after injec- 
tion up to 21 and 28 hours, when the maxi- 
mum effect of the drug appeared to be reached. 
In rats surviving 2 to 3 times this period, 
little further diminution of phosphatase oc- 
curred. The action of the alloxan did not 
result in the complete removal of the en- 
zyme because phosphatase was present in 
appreciable amounts in kidneys excised after 
death from the drug. In 4 rats dying from 
alloxan the residual enzyme averaged 14.7 
units per g of wet kidney, a loss of nearlj'^ 70% 
of the total enzyme as shown in Table II. 
In 3 of the rats, the values higher than this 
may have been due to the large amount of 
blood remaining in these organs after death. 
In one animal, surviving 60 hours, the phos- 
phatase reached a low level of 9.6 units per g 
of wet kidney. The water content of these 
orpns was found to be 73 to 77% of their 
initial wet weight. 
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The reduction in renal phosphatase ob- 
tained on chemical analysis was paralleled 
by that found in histochemical preparations. 
The disappearance of the enzyme following 
alloxan injection could readily be detected 
by the naked eye in differences of color in- 
tensity occurring in microscopic sections from 
kidneys of alloxan treated and of normal rats 
when tissue sections of both affixed to the 
same slide were subjected to identical technic 
for the demonstration of alkaline phosphatase. 
Sections of normal kidney appeared deep gray 
or black, while those from treated animals 
were appreciably paler. The loss of enzyme 
occurred in the luminal border of proximal 
convoluted tubules and the ascending limb of 
the loop of Henle, areas in which the phos- 
phatase is localized normally. Frequently in 
rats receiving 400 mg per kg of alloxan the 
phosphatase was not only diminished in the 
luminal border of the tubular cells but was 
present in large amounts in the mitochondria 
within the contiguous cells. Hepler, Simonds 
and Gurley'^ reported a somewhat similar 
diffusion into these cells following injury by 
nephrotoxic drugs. This redistribution of 
the enzyme was not observed with higher al- 
loxan dosage. In a few instances the phos- 
phatase could not be demonstrated histo- 
chemically in the proximal convoluted tubules, 
having been apparently, completely lost from 
these areas. In preparations of “Zenker” 
fixed tissue, with a parallel mounting of 
pathologic and normal sections on the same 
slide, which were stained with Heidenhain’s 
iron hematoxylin stain, an augmented intensity 
of black stain occurred in the mitochondria 
in the kidneys of the alloxan-treated rats as 
compared to the normal animal. This finding 


11 Ileplpr, E. E., Simonds, J. P., nnd Gurley, H., 
I’lioc. Soc. Exp. Biol. .\xd Med., 1940, 44, 221. 


is further evidence of the chemical change 
produced in the tubular cells by the alloxan. 
The mitochondria in the pathologic tissue 
appeared coarser and occasionally in sections 
which showed marked granular degeneration 
these structures also had lost their normal 
parallel alignment and had an irregular dis- 
tribution. 

Three rats which received 400 mg of al- 
loxan per kg were given insulin on the fifth 
day, with a restoration of the very high blood 
sugar to a lower level of 200 mg The 
lowering of the hyperglycemia was not, how- 
ever, accompanied by any apparent improve- 
ment in the renal alkaline phosphatase, as 
chemically and histochemically there was the 
same low level as in treated rats not receiving 
insulin therapy. This finding together with 
the fact that the diabetogenic dosage is lower 
than that which produces a reduction in the 
renal phosphatase leads us to believe that 
2 different mechanisms are involved in the 
damage caused by alloxan in pancreas and 
kidney. The demonstration by Lehman^- 
that alloxan in moderate concentrations in- 
hibits the conversion of the Cori ester to the 
Robison ester and in high concentration some- 
times inhibits the formation of both esters may 
indicate that the alloxan acts in vivo by an 
interference with certain enzymes which dif- 
fer quantitatively or qualitatively in various 
tissues. 

Smnviary. The injection of alloxan in 
dosage of 300 to 600 mg per kg of rat was 
followed by a definite decrease in the alkaline 
phosphatase of the kidney. With the 600 mg 
dosage this enzyme was reduced 50% or 
more. The decrease in the renal phosphatase 
obtained by chemical analysis was roughly 
paralleled by the reduction demonstrated his- 
tochemically. 

iSLclinmn, li., Biochem. J., 1939, 33, 1241. 
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TABLE II. 


Renal Alkaline Phosphatase in Bats Dying After Alloxan Injection. 


Mg of alloxan injected 
per kg of rat 

IVt in g of rat 

Units of phosphatase 

No. of hr after (in duplicate) per 

injection when rat died g of wet kidney 

300 

165 

48 

23.9* 

23.9 

400 

82 

25 

14.7 

14.7 

400 

171 

40 

13.7 

14.2 

450 

169 

40 

14.9 

14.8 

450 

205 

12 + 

15.1 

15.3 

450 

139 

54 

20.4* 

20.1 

450 

131 

00 

9.6 

9.3 

450 

132 

120 

19.2* 

19.2 


* Considerable amount of blood in kidney may be responsible for liigli values. 


with the dosage, although variations occurred 
in individual rats. Alloxan dosage of 100 mg 
or less per kg of rat produced practically 
no symptoms. After a dosage of 200 to 300 
mg per kg the animals remained hunched up 
in their cages for about 24 hours but did not 
appear ill, and only an occasional rat suc- 
cumbed to the injection. In 4 to 10 hours 
after the. injection of 400 mg of alloxan per kg 
the rats appeared listless and ill. After 24 
hours they were acutely ill and the excreted 
urine was tinted pink. Those which survived 
30 hours could not stand. Those which re- 
ceived SOO to 600 mg per kg did not live be- 
yond 28 hours, appeared acutely ill and their 
blood sugars ranged from 200 to 600 mg % 
at the time of death. The kidneys on excision 
appeared yellow or a mottled yellow and red. 
There was a progressive decrease in the sur- 
vival rate as the dosage increased. Three of 
the 4 rats receiving 300 mg per kg, 14 of 
19 rats of the 400 mg group and only SO^i. 
of those which received the SOO or 600 mg 


dosage survived. 

Renal alkaline phosphatase was not de- 
creased when the dosage was 200 mg or less 
per kg, as shown in 4 groups of rats, each 
insisting of 4 animals. Rats of each group 

were given subcutaneously respectively 25, 

SO 100 and 200 mg per kg_ and killed 6, 
24 ’ 28 and 48 hours after injection In al 
of ’the treated, as well as the normal control 


rats, we found the renal alkaline phosphatase 
to vary between 40 and 51 King and Arm- 
strong units per g of wet kidney. Doses of 
300 mg or more per kg caused an appreciable 
reduction in the phosphatase. The injection 
of 400 to 600 mg of alloxan per kg was con- 
stantly followed by a 50% or greater fall 
in the enzyme. With high dosage, considera- 
ble variation in individual animals in amount 
of residual enzyme was noted and generally 
the deleterious effect of the drug ivas en- 
hanced with prolongation of time after injec- 
tion up to 21 and 28 hours, when the maxi- 
mum effect of the drug appeared to be reached. 
In rats surviving 2 to 3 times this period, 
little further diminution of phosphatase oc- 
curred. The action of the alloxan did not 
result in the complete removal of the en- 
zyme because phosphatase was present in 
appreciable amounts in kidneys excised after 
death from the drug. In 4 rats dying from 
alloxan the residual enzyme averaged 14.7 
units per g of wet kidne}'', a loss of nearly 70% 
of the total enzyme as shown in Table II. 
In 3 of the rats, the values higher than this 
may have been due to the large amount of 
blood remaining in these organs after death. 
In one animal, surviving 60 hours, the phos- 
phatase reached a low level of 9.6 units per 
of wet kidney. The water content of these 
organs was found to be 73 to 77% of their 
initial wet weight. 
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TABLE I. 


Effect of Castration on Toxicity of ANTE in Domestic Norway Bats. 




Age at 

Age on 



Dose 


castration. 

receiving ANTE 



(mg per kg) 

No. rat.s 

(Gays) 

(days) 

Avg Tvt 

Survival 

10 

3 

C* 

132 

172 

-Ml died 

S 

O 

8 

111-128 

224 

1 survived 

S 

4 

29 

117-130 

215 

O J > 

s 

5 

C* 

106-130 

191 

1 ” 

G 

3 

9 

127 

289 

All died 

6 

3 

2" 

127 

262 

.41] ” 

6 

6 

C* 

119-125 

199 

5 survived 

4 

3 

S 

128 

264 

O 

4 

5 

29 

130 

194 

All ” 

4 

4 

C* 

127 

215 

> > 

3 

o 

C* 

118 

287 

Tt ft 


*C = Control. 


from the Carworth Farms and were fed a 
balanced stock diet. 

Table I shows the effect of prepubertal 
gonadectom}’’ on ANTU susceptibility of rats 
at ages e.yceeding 100 days. No difference 
can be seen between those animak castrated 
on the 8th and those on the 29th day of age. 
When the data for the controls are combined 
an LD.-jo value of 6.7 mgAg is obtained. It 
will be noted that deaths occurred among 
the experimental animals following similar 
doses. Castration therefore did not produce 
an increased resistance to .ANTU poisoning. 

Table II shows the results of the animals 
injected with either testosterone or estrone 
for a period of 10 to 19 days before administer- 
ing .ANTU. No significant difference was 
found between rats receiving the poison on 
the 20th day after birth and those on the 
35th to 40th. All rats (with one exception) 
of both the experimental and control groups 
sun’ived on doses of ANTU under 60 mg per 
kg of body weight. .Among the females no 
difference was found between the experimental 
rats and their controls, animals of both groups 
surviving a dose of 50 mg and dying at 70 mg 
or more. .A slight decrease in resistance to 
ANTU is evident in the male group receiving 
sex hormone, but they were still very much 
more resistant than normal mature animals. 
•Among the experimental males 1 out of 4 
died upon receiving 50 mg of ANTU per kg 
and with one exception all 12 died on doses 
over this. The data for the control males 
correspond to an LD-,n of approximately 90 
mg/kg. 


Discussion. Thiourea and its derivatives 
presumably cause death in both young and 
adult rats by increasing the permeability of 
the lung capillaries, thus causing pulmonary 
edema and pleural effusion. In young ani- 
mals either it requires a greater quantity of 
the drug to change the capillara,’’ permeabilit}' 
to the same degree or else the lymphatic 
mechanism for carrying away the fluid is more 
efficient in young than older rats. .A com- 
parison of the weight of the lungs wdth that 
of the body in a series of 100 normal domestic 
rats from our colony shows no sudden increase 
in the size of the lungs that might account 
for the formation of more fluid than the 
hunphatics are able to cope with. Whether 
or not the size and number of lymphatic 
channels increase at the same rate as the 
lung capillarj'- bed is unknown. This paper 
shows that changes resulting from the pres- 
ence of increased quantities of sex hormone 
in the body during the gradual onset of 
puberty are not responsible for the change in 
toxicity. Further investigation is in progress 
to determine whether other changes at this 
time controlled, either directly or indirectly, 
by the pituitarj^ are responsible. These in- 
clude growth of the animal, involution of the 
thyroid, and changes in metabolic rate. 

Suniinary. In order to determine whether 
or not actual pubertal changes are responsible 
for the great decrease in resistance to .ANTU 
observed about the time of puberty, 20 domes- 
tic Norway rats were castrated at an early 
age and given ANTU after reaching an age 
of 100 days or more. The e.xperimental rats 
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Philip V. Rogers.1 (Introduced by Curt P. Richter.) 
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While investigating the acute toxicity of 
alpha-naphthyl thiourea (ANTU) for wild 
Norway rats, Dieke and Richter found that 
the susceptibility increases sharply at or just 
prior to the onset of puberty.^ Thus, it takes 
about 2.5 times as much ANTU per kg body 
weight to kill wild Norway rats of 150 g 
as it does for ones of 200 g, and 6 times as 
much for those under 100 g. A similar change 
in susceptibility occurs in domestic Norway 
rats when thiourea is administered.-'® Autop- 
sy of rats dying from thiourea or ANTU 
revealed massive pleural effusion and pul- 
monary edema. Apparently these drugs act 
on the lung capillaries to increase their 
permeability,'* but why it should take so much 
more to kill young rats than adults is not 
known. 

The experiments referred to above indicate 
but do not prove any direct connection be- 
tween sexual maturation and susceptibility 
to poisoning by thiourea and ANTU. The 
present study, therefore, was undertaken to 
discover whether actual pubertal changes are 
responsible for this great difference in sus- 
ceptibility or whether the coming into puberty 
at about the same time is purely coin- 
cidental. To do this, gonads were removed 
from one group of young rats to determine 
if the resistance to ANTU would re- 


* Tills ivork was carried on under a contract 
between the Chemical Warfare Service of the 
V S Army and The Johns Hopkins University. 
Von leave of absence from Hamilton College, 


imton, Mew York. 

1 Dieke, S. H., and Eichter, C. P., Proc. Soc. 
VP Biol, axd Med., 194G, 62, 22. 

2 Dieke, S. H., and Eichter, C. P. J. Pharmacol., 

’fMacKetzte, J. B., and JfacKenzie, C G., Proc. 
oc Exp. Biol, and Med., lO-lS, 
rD^ker C. K.; Pulmnary Edema and Inflam- 

945, p. 39. 


main prepubertal even after they had attained 
the age and weight of adult animals. A sec- 
ond group received sex hormone (testosterone 
or estrone according to the sex) in order to 
develop the secondary sex organs at an earlier 
age than normal and thus to determine whether 
the response to ANTU poisoning would be 
that of a young prepubertal rat or that of an 
adult. 

The first part of this experiment included 
40 albino rats. As it has been shown that 
there is no significant sex difference in re- 
sistance to acute ANTU poisoning,* male lit- 
ter mates were used as controls for operated 
females and vice versa. Twenty animals were 
gonadectomized, the remaining 20 serving as 
controls. All operations were performed under 
ether anesthesia on either the 8th or 29th 
day of life (3 on the 27th). When both ex- 
perimental and control animals were over 100 
days old they were given intraperitoneal in- 
jections of ANTU in olive oil. The doses 
were adjusted so that each animal received 
1/10 cc of oil suspension per 100 g body 
weight. Autopsies performed on all experi- 
mental animals revealed no residual gonadal 
tissue. 

Twenty-nine experimental and 33 litter 
mate control animals were used in the second 
part of the study. One-half milligram of 
testosterone propionate (Perandren) was in- 
jected daily into the experimental males and 
100 I.U. estrone (Theelin) in oil into the 
females. Injections were started from the 
14th to the 22nd day of age and continued 
for from 10 to 19 days. At the end of the 
injection period both e.xperimental and con- 
trol animals were given ANTU in olive oil 
in the same manner as the first group. At 
autopsy the condition of the secondary sex 
organs was checked in all animals to make 
certain that the injected sex hormone had 
been effective. Rats used for these e.xperi- 
ments came from a colony originally obtained 
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TABLE I. 

Effect of Castration on Toxicity of ANTTJ in Domestic Norway Bats. 


Dose 

(niKper Ug) 

No. r.ots 

.4ge .at 
e.xstration 
(fl.iys) 

Age on 

receiving ANTE 
(days) 

Arg vrt 

Survival 

10 

3 

C* 

132 

172 

All died 

S 

o 

8 

111-128 

224 

1 survived 

S 

4 

29 

117-130 

215 

2 ” 

8 

i} 

C* 

106-130 

191 

i " 

6 

3 

9 

127 

289 

All died 

(i 

3 

27 

127 

202 

.41! ” 

0 

0 

C* 

119-125 

199 

5 survived 

4 

3 

S 

128 

264 

2 

4 

5 

29 

130 

194 

All ” 

4 

4 

C* 

127 

215 


3 

o 

C» 

118 

287 

>> >> 


*C = Control. 


from the Carworth Farms and were fed a 
balanced stock diet. 

Table I shows the effect of prepubertal 
gonadectomy on ANTU susceptibility of rats 
at ages exceeding 100 days. No difference 
can be seen between those animals castrated 
on the 8th and those on the 29th day of age. 
When the data for the controls are combined 
an LD.-in value of 6.7 mg/kg is obtained. It 
will be noted that deaths occurred among 
the experimental animals following similar 
doses. Castration therefore did not produce 
an increased resistance to .ANTU poisoning. 

Table II shows the results of the animals 
injected with either testosterone or estrone 
for a period of 10 to 19 days before administer- 
ing ANTU. No significant difference w’as 
found between rats receiving the poison on 
the 20th day after birth and those on the 
35th to 40th. All rats (with one exception) 
of both the experimental and control groups 
survived on doses of ANTU under 60 mg per 
kg of body weight. .Among the females no 
difference was found between the experimental 
rats and their controls, animals of both groups 
sun'iving a dose of SO mg and dying at 70 mg 
or more. A slight decrease in resistance to 
.ANTU is evident in the male group receiving 
sex hormone, but they were still very much 
more resistant than normal mature animals. 
.Among the e.xperimental males 1 out of 4 
died upon receiving 50 mg of .ANTU per kg 
and with one exception all 12 died on doses 
over this. The data for the control males 
correspond to an LD.-,n of approximately 90 
mgAg. 


Discussion. Thiourea and its derivatives 
presumably cause death in both young and 
adult rats by increasing the permeability of 
the lung capillaries, thus causing pulmonary 
edema and pleural effusion. In young ani- 
mals either it requires a greater quantity of 
the drug to change the capillary permeability 
to the same degree or else the lymphatic 
mechanism for carrying away the fluid is more 
efficient in young than older rats. A com- 
parison of the weight of the lungs wdth that 
of the body in a series of 100 normal domestic 
rats from our colony shows no sudden increase 
in the size of the lungs that might account 
for the formation of more fluid than the 
hunphatics are able to cope with. Whether 
or not the size and number of lymphatic 
channels increase at the same rate as the 
lung capillary bed is unknown. This paper 
shows that changes resulting from the pres- 
ence of increased quantities of sex hormone 
in the body during the gradual onset of 
puberty are not responsible for the change in 
toxicity. Further investigation is in progress 
to determine whether other changes at this 
time controlled, either directly or indirectly, 
by the pituitary are responsible. These in- 
clude growth of the animal, involution of the 
thjToid, and changes in metabolic rate. 

Summary. In order to determine whether 
or not actual pubertal changes are responsible 
for the great decrease in resistance to .ANTU 
observed about the time of puberty, 20 domes- 
tic Norway rats were castrated at an early 
age and given .ANTU after reaching an age 
of 100 da\-s or more. The e.xperimental rats 
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Relation Behveen Sex Hormones and Changes in Susceptibility of Domestic 
Norway Rats to Alpha-Naphthyl Thiourea.* 

Philip V. Rogers.^ (Introduced by Curt P. Richter.) 

From the Psychohiological Zahoratory, Phipps Psychiatric Clinic, The Johns SopTiins Hospital, 

Baltimore, Md. 


While investigating the acute toxicity of 
alpha-naphthyl thiourea (ANTU) for wild 
Norway rats, Dieke and Richter found that 
the susceptibility increases sharply at or just 
prior to the onset of puberty Thus, it takes 
about 2.S times as much ANTU per kg body 
weight to kill wild Norway rats of ISO g 
as it does for ones of 200 g, and 6 times as 
much for those under 100 g. A similar change 
in susceptibility occurs in domestic Norway 
rats when thiourea is administered."'® Autop- 
sy of rats dying from thiourea or ANTU 
revealed massive pleural effusion and pul- 
monary edema. Apparently these drugs act 
on the lung capillaries to increase their 
permeability, but why it should take so much 
more to kill young rats than adults is not 
known. 

The e.xperiments referred to above indicate 
but do not prove any direct connection be- 
tween sexual maturation and susceptibility 
to poisoning by thiourea and ANTU. The 
present study, therefore, was undertaken to 
discover whether actual pubertal changes are 
responsible for this great difference in sus- 
ceptibility or whether the coming into puberty 
at . about the same time is, purely coin- 
cidental. To do this, gonads were removed 
from one group of j^ung rats to determine 
if the resistance to ANTU would re- 


» Tliis ^vork w.ns carried on under a contract 
between tl.e Chemical Warfare _ Service of the 
TT S -•krmv and The Johns Hopkins Universifj. 
Von leave of absence from Hamilton College, 

^lehter, C. P.. Pkoc. Soc. 

Exp Biol, and Med., 1946, 22. 

Tpieke, S. H., and Pichfer, C. P. /■ PhormaroL, 

J. B., 

jrrtnl^ge, Harvard Hniversity Press, 

igto, p. 39. 


main prepubertal even after they had attained 
the age and weight of adult animals. A sec- 
ond group received sex hormone (testosterone 
or estrone according to the sex) in order to 
develop the secondary sex organs at an earlier 
age than normal and thus to determine whether 
the response to ANTU poisoning would be 
that of a young prepubertal rat or that of an 
adult. 

The first part of this experiment included 
40 albino rats. As it has been shown that 
there is no significant sex difference in re- 
sistance to acute ANTU poisoning,^ male lit- 
ter mates were used as controls for operated 
females and vice versa. Twenty animals were 
gonadectomized, the remaining 20 serving as 
controls. All operations were performed under 
ether anesthesia on either the 8th or 29th 
day of life (3 on the 27th). When both ex- 
perimental and control animals were over 100 
days old they were given intraperitoneal in- 
jections of ANTU in olive oil. The doses 
were adjusted so that each animal received 
1/10 cc of oil suspension per 100 g body 
weight. Autopsies performed on all experi- 
mental animals revealed no residual gonadal 
tissue. 

Twenty-nine experimental and 33 litter 
mate control animals were used in the second 
part of the study. One-half milligram of 
testosterone propionate (Perandren) was in- 
jected daily into the experimental males and 
100 I.U. estrone (Theelin) in oil into the 
females. Injections were started from the 
I4th to the 22nd day of age and continued 
for from 10 to 19 days. At the end of the 
injection period both experimental and con- 
trol animals were given ANTU in olive oil 
in the same manner as the first group. At 
autopsy the condition of the secondary sex 
organs was checked in all animals to make 
certain that the injected sex hormone had 
been effective. Rats used for these experi- 
ments came from a colony original! v obtained 
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TABLE I. 

Effect of Castration on Toxicity of AyTTJ in Domestic XorTraT Rats. 




Age at 

Age on 



Bose 


castration 

receiving ANTU 



(mg per kg) 

No. r.ats 

(days) 

(days) 

Avg wt 

Survival 

10 

.3 

C* 

332 

172 

-All died 

S 

O 

8 

111-128 

224 

1 survived 

s 

4 

29 

117-130 

215 

2 

s 

5 

C* 

106-130 

191 

1 ” 

c 

3 

.9 

127 

289 

AU died 

G 

3 

27 

127 

262 

-All ” 

6 

C 

C» 

119-125 

199 

5 survived 

•1 

3 

S 

128 

264 

2 ” 

i 

5 

29 

130 

194 

All ” 

i 

4 

C* 

127 

215 

» > 

3 

o 

C» 

118 

287 



= Control. 


from the Carworth Farms and were fed a 
balanced stock diet. 

Table I shows the effect of prepubertal 
gonadectomy on ANTU susceptibility of rats 
at ages exceeding 100 days. No difference 
can be seen between those animals castrated 
on the 8th and those on the 29th day of age. 
When the data for the controls are combined 
an LD.in value of 6.7 mgAg is obtained. It 
will be noted that deaths occurred among 
the experimental animals following similar 
doses. Castration therefore did not produce 
an increased resistance to .ANTU poisoning. 

Table II shows the results of the animals 
injected with either testosterone or estrone 
for a period of 10 to 19 days before administer- 
ing .ANTU. No significant difference was 
found between rats receiving the poison on 
the 20th day after birth and those on the 
35th to 40th. .All rats (with one exception) 
of both the e.xperimental and control groups 
surv'ived on doses of ANTU under 60 mg per 
kg of body weight. .Among the females no 
difference was found between the experimental 
rats and their controls, animals of both groups 
surc’iving a dose of 50 mg and dying at 70 mg 
or more. .A slight decrease in resistance to 
.ANTU is evident in the male group receiving 
sex hormone, but they were still very^ much 
more resistant than normal mature animals. 
.Among the e.xperimental males 1 out of 4 
died upon receiving 50 mg of .ANTU per kg 
and with one e.xception all 12 died on doses 
over this. The data for the control males 
correspond to an LD-.o of approximatelv 90 
mgAg. 


Discussion. Thiourea and its derivatives 
presumably cause death in both young and 
adult rats by increasing the permeability of 
the lung capillaries, thus causing pulmonary 
edema and pleural effusion. In young ani- 
mals either it requires a greater quantity of 
the drug to change the capillarj' permeability 
to the same degree or else the lymphatic 
mechanism for carrvdng away the fluid is more 
efficient in young than older rats. .A com- 
parison of the weight of the lungs with that 
of the body in a series of 100 normal domestic 
rats from our colony shows no sudden increase 
in the size of the lungs that might account 
for the formation of more fluid than the 
lymphatics are able to cope with. Whether 
or not the size and number of Ijunphatic 
channels increase at the same rate as the 
lung capillary bed is unknowm. This paper 
shows that changes resulting from the pres- 
ence of increased quantities of sex hormone 
in the body during the gradual onset of 
puberU' are not responsible for the change in 
toxicity. Further investigation is in progress 
to determine whether other changes at this 
time controlled, either directly or indirectly, 
by the pituitaiy- are responsible. These in- 
clude growth of the animal, involution of the 
th\Toid, and changes in metabolic rate. 

Summary. In order to determine whether 
or not actual pubertal changes are responsible 
for the great decrease in resistance to .ANTU 
observed about the time of puberty, 20 domes- 
tic Xonvay rats were castrated at an early 
age and given .ANTU after reaching an age 
of 100 days or more. The experimental rats 
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TABLE II. 

Effect of Ses Hormone on tlie Toxicity of ANTU in Domestic Norway Eats. 


Dose 

ngA'g) . 

No. 

rats 

Ses 

Age on 
receiving 
ANTU 
(days) 

Avg wt 
(g) 

Days of 
treatment 
% mg 
perandren 
per day 

Days of 
treatment 
100 I.U. 
tlieeiin 
per day 

Sesuits 

50 

1 

9 

21 

33 


10 

Survived 

50 

2 

9 

40 

88 


19 

) f 

50 ■ 

2 

S 

35 

55 

19 


1 »» 

50 

2 

9 

39 

75 


C* 

}) 

50 

3 

5 

41 

85 

C» 


tf 

CO 

2 

9 

37 

77 


10 

Died 

GI 

1 

9 

33 

55 


19 

Survived 

64 

o 

9 

35 

54 


C‘ 


G4 

i 

S 

35 

58 

G* 


Died 

•70 

■ 2 

9 

37 

69 


19 

) } 

75 

■ 1 

9 

24 

37 


10 

ti 

75 

2 

9 

40 

82 


10 

i 1 

75 

2 

$ 

24 

32 

10 


n 

75 

1 

S 

37 

75 

10 


ft 

75 

o 

$ 

35 

52 

19 


9 J 

75 

1 

9 

40 

92 


C* 

9 9 

75 

1 

$ 

26 

38 

C* 


9 9 

75 

5, 

$ 

40 

80 


c* 

Survived 

100 

o 

$ 

40 

94 

10 


Died 

100 

2 

$ 

21 

34 

19 


9 9 

100 

4 

S 

38 

71 

19 


2 survived 

100 

■ 1 

9 

38 

48 


19 

Died 

100 

2 

3 

26 

36 

C» 


> 9 

100 

4 

3 

41 

78 

C* 


3 survived 

100 

1 

9 

40 

89 


C* 

Died 

125 

1 

3 

40 

69 

10 


9 9 

125 

1 

9 

41 

48 



9 9 

125 

1 

3 

41 

86 

C* 


99 


* Control. 


died from doses in the same range as the 
controls. A second group of 29 suckling 
rats received daily injections of testosterone 
or estrone. Both experimental animals and 
their controls were then given ANTU when 
they were 3S-40 days old. No significant 


difference in the susceptibility was found. It 
is, therefore, concluded that the onset of sexual 
maturity coincides with the decrease in re- 
sistance to alpha-naphthyl thiourea but does 
not produce it. 
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IV. Effect of Subtilin on the Course of Experimental Anthrax Infections 

in Guinea Pigs.* 

A. J. Salle and Gregory J. Jann. 

From the Dcparlmciif of Bactcrioloffy, Vniversity of Cnlifornin, Los A»p(lcs. 


In previous communications^’’ it was re- 
ported that subtilin showed an extremely low 
toxicity index to living embryonic chick heart 
tissue fragments cultivated hi vitro and that 
it exerted a powerful in vivo action on the 
course of experimental pneumococcus Typt III 
infections in mice, .\nimals treated with 
subtilin 9 hours after being injected with the 
organism were quickly cured of the infection. 
The antibiotic did not exhibit any apparent 
toxic reaction in the mice. 

Subtilin is effective chiefly against Gram- 
positive bacteria in vitro.^ A few Gram-nega- 
tive organisms are equally as susceptible. 
However, the great majority of Gram-negative 
organisms are not susceptible unless considera- 
bly higher concentrations are used. Bacillus 
anlhracis is Gram-positive and easily de- 
stroyed in vitro. 

In the present communication, results are 
given on the effectiveness of subtilin on the 
course of experimental anthrax infections in 
guinea pigs. 

Experimental. Two guinea pigs weighing 
approximately 500 g each were injected intra- 
peritoneally with O.I cc of a 24-hour nutrient 
broth culture of Bacillus antJirach. One ani- 
mal was not treated but served as the con- 
trol; the other was treated immediately with 
3 cc of a solution containing 2 mg subtilin 
per cc (total of 60 units^) and at stated 
inter\’als thereafter. The subtilin was dis- 
solved in a 5% solution of glucose and all 
injections were made intraperitoneally. The 

* Tills investigation wns aided bv a grant from 
Eli Lilly and Company, Indianapolis, Ind. Tlic 
subtilin preparation used in these c-vperiments was 
kindly supplied by the Western Regional EoscatcU 
Laboratory, Albany, California. 

1 Salle, -V. J., and .Tann, G. J., Pboc. Soc. Exr. 
Bioi,. .vN-n JfED., 194G, Gl, 23. 

- Salle, A. .T., and Jann, G. J., Pr.oc. Soc. Exr. 
Biol. .\xd Mkd., IfGfi. es. 40. 

s Salic, A. J., and .Tann, G. .L, Peoc. Soc. Exp. 
Biol, axd Med,, 194.'i, go, GO. 


T.VBLE I. 


Trratment of .Anthrax in Guinea Figs. 


Date 

Time 

Centrol 

.'mimal 

Treated 

aainial 

2-14-46 

12:30 PM 

0.1 cc culture 

0,1 cc culture 


If 11 

— 

3 ce 

subtilin 


3:30 ” 

— 

3 ” 

i J 


6:00 ” 

. 

3 ” 

) J 


11:00 ” 

— 

3 ” 

> i 

1.) 

2:00 AM 

— 

3 ” 

J 7 


4:30 ” 

— 

3 ” 

it 


6:30 ” 

— 

3 ” 

> J 


9:30 ” 

— 

3 ” 

it 


32:30 P.M 

— 

3 ” 

it 


3:30 ” 

— 

3 ” 

ti 


9:30 ” 

— 

3 ” 

1 1 

IG 

1:30 AM 

— 

3 ” 

it 


4:30 

— 

3 ” 

9) 


9:30 ” 

— 

3 ” 

t t 


3:00 PM 

— 

3 ” 

i i 


10:00 ” 

.Anim.al died 

3 ” 

ft 

17 

10:30 .AM 


3 ” 



S:00 PM 


3 ” 

1 1 

IS 

10:30 AM 


3 

it 

19 

3:30 PM 


Treatments 




discontinued 

28 

12:00 M 


Animal died 


treatments were discontinued after the 4th 
day and the animal kept under observation. 
The schedule of treatments and results are 
recorded in Table 1, 

It may be seen that the control animal 
(untreated) died in less than 72 hours. The 
treated animal -was given subtilin for 4 days, 
then observed for an additional 10 days (total 
14 days) when death occurred. 

Since the culture of Bacillus anthracis con- 
tained many spores, it is believed that these 
must germinate into vegetative cells before 
they can be destroj^ed hy the subtilin. It 
would appear that some spores did not 
germinate until after treatment was discon- 
tinued. 

A second experiment was performed in 
which 4 guinea pigs were treated instead of 
only one, and the treatments continued for a 
longer period of time. The animals were 
each inoculated with 0.1 cc of a 24-hour nu- 
trient broth culture of the organism, and varj-- 
ing periods of time were allowed to elapse 
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TABLE n. 

Effect of Sex Hormone on tlie Toxicity of ANTE in Domestic Norivay Eats. 


Dose 

(mg/kg) 

No. 

rats 

Sex 

Age on 
receiving 
ANTU 
(days) 

Avg wt 
(g) 

Days of 
treatment 
% mg 
perandren 
per day 

Days of 
treatment 
100 I.U. 
theelin 
per day 

Eesults 

50 

1 

2 

21 

33 


10 

Survived 

50 

2 

2 

40 

88 


19 

y? 

50 

2 

S 

35 

55 

19 


1 ” 

50' 

2 

2 

39 

75 


C* 

n 

50 

3 

$ 

41 

85 

C» 


if 

60 

2 

2 

37 

77 


10 

Died 

6-1 

1 

2 

33 

55 


19 

Survived 

64 

2 

2 

35 

54 


C* 

} ) 

64 

i 

S 

35 

58 

0“ 


Died 

70 

2 

2 

37 

69 


19 

i } 

75 

1 

2 

24 

37 


10 

if 

75 

o 

2 

40 

82 


10 

y f 

75 

o 

& 

24 

32 

10 


yy 

75 

1 

S 

37 

75 

10 


i i 

75 

2 

S 

35 

52 

19 


yy 

75 

1 

2 

40 

92 


C* 

i y 

75 

1 

$ 

26 

38 

C* 


yy 

75 

5, 

3' 

40 

80 


c* 

Survived 

100 

o 

$ 

40 

94 

10 


Died 

100 

2 

$ 

21 

34 

19 


yy 

100 

4 

$ 

38 

71 

19 


2 survived 

100 

1 

2 

38 

48 


19 

Died 

100 

O 

$ 

26 

36 

C* 


yy 

100 

4 

S 

41 

78 

C* 


3 survived 

100 

1 

,2 

40 

89 


C* 

Died 

125 

1 

6 

40 

69 

10 


yy 

125 

1 

2 

41 

48 


C' 

if 

125 

1 

S 

41 

86 

C* 


i y 


* Control. 

died from doses in the same range as the 
controls. A second group of 29 suckling 
rats received daily injections of testosterone 
or estrone. Both eitperimental animals and 
their controls were then given ANTU when 
they were 35-40 days old. No significant 


difference in the susceptibility was found. It 
is, therefore, concluded that the onset of sexual 
maturity coincides with the decrease in re- 
sistance to alpha-naphthyl thiourea but does 
not produce it. 
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Relationship Between Body Temperature and Arterial Pressure.*" 

S. Rodb..\kd and D. Feldman. (Introduced by L. N. Katz.) 

From the Cardiovascular Department, Michael Feese Hospital, Chicago, HI. 
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In the course of a series of investigations 
on the normal resting arterial blood pressures 

* Aided by the A. D. Hast Fund for Cardiovas- 
cular Bescarcb. Tlie department is supported in 
part by the Micliael Eeese Eeseareh Foundation. 


of various species of unanesthetized animals; 
data were obtained on the blood pressure of 
the turtle, Pseudemys clegaus, at various body 
temperatures. 

Arterial blood pressures were recorded on 



60 2 
m 
> 


Fig. 1. 
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Subtilin in Anthrax Infections 


TABLE n. 

Treatment of Antlirax in Guinea Pigs. 


Animals inoculated iatraperitoncally tvith 0.1 co culture 


Date 

Time 

Control 
not treated 

Treated 
immediately 
ce subtilin 

Treated 
after 3 hrs 
cc subtilin 

Treated 
after G brs 
CO subtilin 

Treated 
after 9 hrs 
ce subtilin 

3-5 

2:00 PM 

— 

3 





5:00 ” 

— 

3 

3 




8:00 ” 



3 

3 

3 



11:00 ” 

— 

3 

3 

3 

3 

6 

2:00 AM 

— 

3 

3 

3 

3 


5:00 ” 

— 

3 

3 

3 

3 


8:00 ” 

— 

3 

3 

3 

3 


11:00 ” 

— 

3 

3 

3 

3 


2:00 PM 

— 

3 

3 

3 

3 


5:00 ’’ 

— 

3 

3 

3 

3 


8:00 " 

— 

3 

3 

3 

3 


11:00 ” 

— 

3 

3 

3 

3 

7 

2:00 AM 

— 

3 

3 

3 

3 


5:00 ” 

— 

3 

3 

3 

3 


9:30 ” 



5 

5 

5 

5 


1:00 PM 

— 

5 

5 

5 

5 


10:00 ” 

— 

5 

5 

5 

5 

8 

10:00 AM 

— 

5 

5 

5 

5 


4:00 PM 

— 

5 

5 

5 

5 


7:00 ” 

Dead 

5 

5 

5 

5 

9 

9:00 AM 


5 

5 

5 

5 


5:00 PM 


5 

5 

5 

5 

10 

9:30 AM 


4 

4 

4 

4 


4:30 PM 


5 

5 

5 

5 


9:30 ” 


5 

5 

5 

5 

11 

11:00 AM 


5 

5 

5 

5 


10:30 PM 


5 

5 

5 

5 

12 

10:30 AM 


5 

5 

5 

5 


9:30 PM 


5 

5 

5 

5 

13 

9:30 ” 


5 

5 

5 

5 

15 

3:00 ” 


5 

5 

5 

5 

Besults 


Dead 

Ijiving 

Living 

Living 

Living 


before treatments were started. The 1st 
animal was treated immediately after being 
injected with the organism; the 2nd animal 
was given the first treatment 3 hours later; 
the 3rd animal was treated 6 hours later, 
and the 4th animal was treated 9 hours later. 
The subtilin preparation used was the same 
as in the first experiment. All treatments 
were "iven intraperitoneally. The schedule 
of treatments and results obtained are given 

'"iTm’ay^e seen that the control guinea pig 
died in 77 hours whereas those treated with 
Si”» vere still living alt« the 10th hay 
“hen the espe, intent teas dtsconltnued. The 


guinea pig treated as late as 9 hours after 
being inoculated with Bacilhis antliracis was 
protected from the disease. The results in- 
dicate that subtilin exerts a powerful in vivo 
action on experimental anthrax infections in 
guinea pigs. The antibiotic did not produce 
any observable toxic reaction in the animals. 

Conclusions. Subtilin has been shown to 
produce a powerful action on the course of 
experimental anthrax infections in guinea 
pigs. Animals treated with subtilin 9 hours 
after being injected with the organism were 
protected from the infection. The antibiotic 
e.xhibited no apparent toxic reaction in the 
animals. 
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Relationship Betsveen Body Temperature and Arterial Pressure.* 

S. Rodbard and D. Feldman. (Introduced 83' L. N. Katz.) 

From the CardiovascuJar Department, Michael Fecse Bospital, Chicago, 7ZZ. 
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In the course of a series of investigations 
on the normal resting arterial blood pressures 

* Aided by the A. D. Nast Fund for Cardioras- 
cuiar Eesearch. The department is supported in 
part b}- the Michael Eeese Eesearch Foundation. 


of various species of unanesthetized animals; 
data were obtained on the blood pressure of 
the turtle, Pseudentys elegans, at various body 
temperatures. 

Arterial blood pressures were recorded on 
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photographic paper, using the Hamilton op- 
tical recording manometer. A cannula at- 
tached to the manometer was directed cardial- 
ly and tied into the left aortic arch. Body 
temperature was determined by means of a 
mercurj^ thermometer tied into the cloaca. 
The animal was placed on its back in a pan 
of water, and the temperature of the water 
was changed slowly by the addition of ice 
cubes or by slow warming. The turtles were 
warmed from room temperature, 18 °C, to 
about 40°, then cooled to about 3° and finally, 
rewarmed to 45°. The rate of temperature 
change was about 0.3° per minute. 

Arithmetic averages of the blood pressures 
and heart rates obtained in 2 heatings and 
one cooling of 5 turtles are given in Fig. 1. 
Our results show that there is a fairly con- 
sistent rise in arterial blood pressure as the 
cold animal is warmed until a temperature 
of about 38°C is obtained and with further 
warming the blood pressure falls rapidly. 
When the animals are then cooled the blood 
pressure increases until a temperature of about 
38°C is obtained and with further cooling 
the blood pressure falls, so that in general 
the original curve is reduplicated. A second 
reheating givfe data similar to that obtained 
in the first warming. The effect of tempera- 
ture on heart rate is similar to that obtained 
with blood pressure, except that the heart 
rate is maximal at about 40°. 

The pulse pressure remained relatively un- 
changed during our experiment. It decreased 
somewhat between 38° and 40°C when the 
heart rate was maximal, as can be seen in 
Fig. 1. It increased in 3 instances between 


20° and 30°C in consequence of an unex- 
pected fall of the diastolic pressure to zero. 

Discussion. The rise in blood pressure seen 
with increasing body temperature may be re- 
lated in some as yet undetermined way with 
the increased metabolic activity of the tissues. 
It is probably associated with an increase in 
cardiac output. 

Comparison of our data on turtles with re- 
sults on the resting blood pressure of un- 
anesthetized mammals and birds, leads to the 
suggestion that there may be a general rela- 
tionship between the body temperature and 
the level of the resting diastolic pressure. 
For example, the mammals (dog, rabbit, rat 
and man) which we have studied have all 
exhibited a basal diastolic arterial pressure of 
approximately 80 mm Hg.^’- These findings 
are in accord with scattered data found in 
the literature. Chickens, which have a nor- 
mal body temperature of about 41 °C, have 
a resting diastolic pressure of approximately 
120 mm Hg.® Our data also appear to fit 
well with the relationship between blood pres- 
sure and body temperature in the new born 
rat, which has not yet attained the full de- 
velopment of the mechanism which assures 
homoiothermy.'* 

Summary. The arterial pressure of the 
turtle was found to vary directly with changes 
in body temperature between 3° and 38 °C. 
Above 38 °C the pressure declined. 

iKatz, L. N., Friedman, 31., Bodbard, S., and 
Weinstein, W., Am. Seart J., 1939, 17, 334. 

2 Bodbard, S., Am. J. Physiol, 1940, 129, 358. 

3 Unpublished data. “ 

■1 Helmbolz, H. F., Jr., Fed. Proc., 1946, 5, 44. 
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f tbP literature has not disclosed wheals in the normal human skin. Such pres- 
A search ol “ measure the range sures should be a direct measurement of the 

any previous n-gduce intradermal force necessary to spread the closely-bound 

of pressure requirea lo p 
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layers of the collagen connective tissue of the 
skin. Since natural changes may occur with 
varying degrees of hydration of the skin, the 
constancy of these pressures may be of clinical 
interest in such altered states as myxoedema 
and dehydration. 

It was soon found that the pressure greatly 
exceeded that which could be measured by the 
usual Hg manometer and therefore the pres- 
sures were recorded optically. A glass spoon 
manometer was used with a calibration of 50 
mm Hg pressure equal to 1 mm movement in 
the light beam which was recorded at 
meters on light-sensitive paper moving at a 
constant rate of 12 mm/second. The man- 
ometer was calibrated to 2750 mm of Hg by 
means of a mercury column. Wheals were 
raised on the lower half of the volar surface 
of the forearm, using a tuberculin syringe 
connected through a 3 -way joint to the 
manometer and to a 27-gauge hypodermic 
needle J4 inch in length. The pressure in 
this system was increased at a fairly rapid 
rate (approximately 750 mm Hg/second) un- 
til a wheal started to form. This position of 
the syringe plunger was then held until the 
wheal reached a diameter of 5 to 7 mm. To 
compare day-to-day variation, 5 measurements 
were made serially on each subject, and the 
average of these taken as the subject’s wheal 


pressure for that day. Six male and 5 female 
subjects were used in this series. 

Fig. 1 shows one of the typical pressure 
curves obtained. Even with this manometer 
it was necessary to set the zero level off the 
record in order to record on 60 mm paper 
the range of pressures involved. It should 
be pointed out that though we have not 
analyzed this part of the curve to date, the 
slope of the curve during wheal formation 
may be significant as a measure of cohesive- 
ness of the collagen fibres of the skin. 

The pressures obtained by this procedure 
are summarized in Table I. Considerable 
variation was found in consecutive readings. 
The average mean deviation of pressures' made 
on the same subject on one day was 170 
mm Hg with the bevel up, and 205 mm Hg 
with the bevel down.' This is undoubtedly 
due to slight variations in the depth of the 
needle tip. Probably because of the in- 
elasticity of the surface layers, measurements 
made with the bevel of the needle inserted 
up toward the epidermis were consistent!}' 
higher than those made with the bevel down. 
Thus, the mean deviations on all subjects in 
each series and the large range of pressures 
in each case are not relatively as great as 
might be indicated by the individual figures. 
No consistent differences were found between 
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TABLE I. 

The Pressures Bcquircd to Produce Iiitrudermal Wheals. 



Cliaracteristics 



Pressures — mm 

Hg 

No. of , 

determinations No. 

Sex 

Bevel of 
Needle 

Solution 

Hange 

Mean 

pressure 

•v 

Mean 

deviation 

IG 

2 

jt 

Up 

Saline 

lGOO-2800 

2170 

318 

G2 

5* 

ji 

Dorvn 

f f 

1000-3200 

1970 

454 

14 

3 

F 

Up 

t t 

1900-3080 

2240 

128 

24 

5 

E 

Down 


1280-2840 

21G0 

400 

44 

4 

M 

} i 

Histamine acid phosphate 
1-100,000 in saline 

12GO-3200 

2400 

405 


One Negro and one Japanese. 


male and female skins, or among the skins 
of the Whites, Negroes, and Japanese studied. 
No attempt has been made in this preliminary 
study to determine the physiological variations 
in wheal-pressure which might occur with 
marked changes in environmental temperature 
or in the normal phases of the menstrual 
cycle. As shown in the table, the wheal- 
producing action of histamine is apparently 
too slow to lower the pressure required to 


produce wheals in this fashion. In fact the 
figures Avould rather indicate that histamine 
increased the pressure required. 

Conclusion. The pressures required to pro- 
duce intradermal wheals in normal individuals 
varied from 1,000 to 3,200 mm Hg with a 
mean pressure of about 2,000 mm Hg. No 
consistent differences in wheal pressures were 
found between males and females, or among 
Whites, Negroes and Japanese. 
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Scanty data have been published on the 
curative action of drugs in avian malarias, 
either in sporozoite or blood-induced infec- 
tions.* No data has been published on the 
curative effect of drugs on lophurae malaria 
in the duck. For this reason, it appears ad- 
visable to record the following observations, 
despite the fact that the experiments are not 


fnnnilpd bv tbc Committee on Medical ice 
ritLnm Office of Scientific Eesearch 
Ind Development and The Johns Hopkins Hm- 


A considcraWe amonnt of data has been 
1 tod tr various avian infections in the 
^““'t O urogram of malarial research spon- 

^rri:/-%astfiveycars^*^^^ 

Medical Eescarch of the OSED. 


perfectly controlled due to a large number of 
“accidental” deaths among our birds.* 

Infection was produced in ducks about 10 
to 14 days of age by intravenous injection 
of 50 X 10® parasitized erythrocytes. The 
drug-diet method^ of treatment was used. 
Administration of the diet was started 18 
hours before infection and was continued for 
various lengths of time after infection. All 
drugs except SN 11,437, SN 187 and SN 47S 
were administered in the form of a salt. 

{ Those accidental” deaths appear to be due to 
a. filtrable agent. A preliminary study of this 
agent is reported elscivhcrc.-l 
-I Dearborn, E. H., Proc. Soc. Exp. Biol axd 
Med., 194C, C3, 48. 

i Marshall, Litchfield, and White, J. Pharm. 
and Exp. Thcrap., 1942, 75, 89. 
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TABLE I. 

Curative Action of Drugs in Lopirarre Malaria in the Duck. 


Survey Xo.* 


Duration of 
treatment 
days 

Dose 

mg/kg/day 


Xo. of ducks 


Used 

Xot 

Cured 

“Cured” 

Diedt 

359 

Quinine (base) 

0 

ISO 

10 

9 

0 

1 



10 

225 

9 

3 

1 

0 

390 

Quinacrine, diiiyclrocliloride 

6 

280-310 

12 

0 

0 

0 



13 

115 

9 

3 

0 

0 



0 

3.5 

19 

0 

5 

8 

971 

Pamaquine (base) 

6 

9 

44 

10 

17 

11 



10 

4 

10 

3 

1 

6 

7018 

Chloroquine, diphosphate 

6 

303 

5 

3 

0 

o 



0 

183 

8 

5 

0 

3 

11437 

Xl-(5-ehloro-2-pvriniidyl)- 

0 

785 

8 

4 

0 

4 


metanilamide 

20 

225 

7 

5 

0 

2 


* This number (SX) is used to designate a drug in the Monograph referred to above.® 
t Figures in tliis column represent ducks which exhibited no evidence of infection but which died 
before “cure” could be established. 


Subinoculations were done by intravenous 
injection of 2 cc of blood from the treated 
bird into a normal duck of about 150 g weight. 
Blood smears of the treated birds were made 
at the end of treatment, at the time of each 
subinoculation and as frequently as possible 
during the intervening periods. It was found 
that the injection of one to 10 parasitized 
erythrocytes into ducks of about 150 g rveight 
produced an infection with the appearance of 
parasites in smear on the 10th-13th day. In 
some cases reinfection was attempted by in- 
jection of 20-30 X 10“* parasitized erythro- 
cytes into the treated ducks rvhich at this 
time weighed about 800-1000 g. This dose 
in a normal duck of corresponding size would 
give a parasitemia of 40-50% erythrocytes 
parasitized on the 3rd day. The reinfected 
ducks were examined on the 3rd day. Those 
having 40% or more of erythrocytes para- 
sitized were considered to be successfully 
reinoculated while those with less than 20% 
erythrocytes parasitized were considered to 
e.xhibit some degree of immunitj'. 

The experiments given in this report are 
not as satisfactory as might be desired on 
account of the failure of either all the treated 
or all the subinoculated ducks to survive the 
necessary periods of observation. A series of 
e.\periments on uninfected untreated birds 
has shown that these deaths are not attributa- 


ble to conditions of holding or procedures 
relevant to obtaining smears or subinoculat- 
ing blood but to the filtrable contaminant 
mentioned in the note above. Obviously, the 
large number of deaths occurring before the 
observations are complete complicates the in- 
terpretation of the data; however, certain con- 
clusions appear to be justified. As a result 
of deficiencies in our knowledge of the natural 
history of malaria in the duck, it must be 
recognized that while the presence of para- 
sites in the blood of treated or subinoculated 
ducks is definitive evidence of failure to cure, 
inability to demonstrate either parasites in 
the blood or lack of immunity to them can 
only indicate probability of cure. 

In Table I is given a very brief summary 
of the results obtained with the well known 
drugs, quinine, quinacrine and pamaquine, 
and also with chloroquine= and SX 11,437. 
This drug (SN 11,437) is rather unique in 
that it is a complete causal prophylactic in 
gallinaceum malaria in the chick, lophurae 
malaria in the turke}' and cathemerium ma- 
laria in the canary.® However, it has no 

- Board for the Coordination of Malarial Studies, 
J. A. 31. A., intfi, 130, 1009. 

3 A Survev of .tntimalarial Drugs, 1941-45, 
sponsored by the Committee on Medical Research 
of the OfTiee of Scientific Research and Develop- 
ment (Ed. P. Y. IViselogle). 
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curative effect in a blood-induced infection of 
lophurae malaria in the duck. Quinine, quina- 
crine and chloroquine are not curative, -while 
pamaquine appears to cure a fair percentage 
of ducks. When treatment is started 24 hours 
after infection, pamaquine is still curative. 
However, when treatment is started 48 hours 
after infection a much smaller per cent of 
cures is produced. In the table the criterion 
of “cure” is interpreted as 2 negative sub- 
inoculations, the last taken at least 26 days 
after infection. In our experience a small 
percentage of ducks having 2 negative sub- 
inoculations will prove to be infected if further 
subinoculations are done; however, this per- 
centage is so small that it would not signi- 
ficantly change these data. 

In addition to the drugs listed in Table I, 
we have found that SN 6911, 7-chloro-4-{4- 
diethylamino-l-methylbutylamino) - 3-methyl 
quinoline; SN 1796, ^-(diamylaminometh}'!)- 
1,2, 3 ,4 - tetrahydro-9-phenanthrene-methanol; 
SN 187, 3',5'-dibromosulfanilanilide; SN 6520, 
2 - (dimethylaminomethyl)-l-naphthol; SN 


901 , 6-chloro-2-methoxy-9- [3- ( 6-methoxy-8- 
quinolylamino)-propylamino] acridine; SN 
475, 2,2',3,3'-tetramethyl-l,l'-diphen\'l-4,4'- 

bi-3-pyrazoline-5,S'-dione; SN 11,426, B-(p- 
chlorophenyl) - 1 -isopropyl-1 -methylbiguanide, 
salt with acetic acid; are not curative when 
given in maximal tolerated dosage for 6 daj-s. 
However, SN 5241, a-(dinonylaminomethyl)- 
l,2,3,4-tetrahydro-9-phenanthrene methanol 
appears to cure a certain per cent of ducks 
when given in the maximal tolerated dosage. 
With the exception of SN 5241, pamaquine is 
the only drug examined which appears to 
cure lophurae malaria in a moderate percentage 
of ducks. 

Svmmary. A number of drugs have been 
e.xamined for their curative action in lophurae 
malaria in the duck. Pamaquine appears to 
cure a fair percentage of the birds, while 
quinine, quinacrine, chloroquine and a num- 
ber of other drugs do not. 

We wish to thank Charlotte Kennedy, Jean 
Hunt, Lucille Van Ghyl, and Evelyn Epperson 
for technical assistance. 
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In studying the curative activity of drugs 
igainst lophurae malaria in duefo it was found 
hat approximately half the birds died with 
10 demonstrable malaria before it could be 
>stablished that they were cured. Extensive 
studies indicated that the deaths were not 
lue to living conditions or to the various ex- 
aerimental procedures to which the birds were 
subjected. It appeared that the causative 
igent was in the blood injected to produce 
the malarial infection. Injection of blood 
from -normal ducks did not produce deaths. 


-TTT^^ under n contract 


It seemed unlikely that the lethal agent 
was a toxin since the deaths were delayed 
IS to 30 days after infection and since the 
causative agent was transferable by blood 
passage. It also seemed unlikely that it was 
a form of malaria since the birds which died 
had no detectable erythrocytic forms of the 
parasite and since studies in this and other 
laboratories* had failed to reveal any large 
number of exoerythrocytic forms of P. 
lopkufoc in the duck. Bacteriologic studies 
indicated that none of the common bacteria 
was responsible for the deaths. In view of 
these data it seemed likely that the lethal 
agent might be a filtrable organism. Subse- 

1 Porter, R. J., personal communication. 
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quent experiments showed that if plasma from 
ducks with lophurae malaria were filtered 
through a Seitz filter impervious to Senaiia 
marccssam the filtrate produced no growth 
in broth at 38°C but was lethal for ducks 
when given intravenously. 

This filtrable agent associated with P. 
lophurae caused the deaths of about 50% 
of the birds in 12 to 30 days. Twelve to 
72 hours prior to death the birds became 
lethargic, anorexic and weak. These symp- 
toms became progressively more severe and 
terminated in convulsions followed ,by death. 
This agent was serially passed S times by 
blood transfer. In addition, it was .carried 
with the lophurae malaria through biweekly 
blood transfer for at least 2 years. Passage 
of the malarial parasite through mosquitoes, 
chicks, canaries or turkeys! failed to eliminate 
the filtrable agent. Washing of the para- 
sitized erythrocytes with normal duck plasma 
or glucose-Ringer’s solution, hemolysis with 
0.05% saponin and rewashing of the parasite- 
containing residue with normal plasma or 
glucose-Ringer’s solution failed to eliminate 
the filtrable agent. This lethal effect was also 
associated with P. lophurae in ducks obtained 
from other laboratories. Various attempts 
to obtain malaria parasites, free of the filtra- 
ble agent, from ducks which had survived an 
infection with both also failed. A number of 
drugs which were tried for their curative ef- 
fect in malaria had no detectable effect on 
the filtrable agent. Decreasing the dose of 
this agent decreased the percent of ducks 
which die. This agent was not lethal to 
white mice when given intravenously, intra- 

t We wish to thank Dr. R. J. Porter o£ the 
University of Michigan for passing the parasites 
tlirougli mosquitoes, canaries, and turkeys. 


peritoneally or intracerebrally, and it was not 
lethal to dogs when given in large doses intra- 
venously. 

A lethal filtrate was obtained by filtration 
of plasma from ducks infected with P. 
cathemerium. It was serially transferred 35 
times by blood inoculation. When first ob- 
tained this agent was 100% fatal in 3 to S 
days. Its lethality was unaffected by sul- 
faguanidine, penicillin, sulfadiazine and a 
number of potent antimalarial drugs. This 
rapidly lethal strain wus lost; however, the 
agent was obtained again but it was only 
lethal in 10 to 20 daj's. Various attempts to 
increase its virulence failed. This agent could 
not be washed from the parasitized ery- 
throcytes either before or after hemolysis. 
Administration of the filtrate by various routes 
had no effect on the time of death. Appar- 
ently ducks which had survived infection with 
both P. cathemerium and this filtrable agent 
possessed some degree of immunity to rein- 
fection with the filtrable agent. 

Filtrates which were lethal for ducks were 
also obtained by Seitz filtration of plasma 
from ducks infected with P. relictum or P. 
clongatum. The former was lethal in 30 to 
40 days w’hiie the latter required only 3 to 6 
da 3 '^s. The agent associated with elongatum 
malaria was transferred serially 5 times by 
blood passage. A quantity of pooled plasma 
from several birds infected with this filtrate 
was stored at the temperature of solid carbon 
dioxide. 

Summary. Filtrable agents, lethal for 
ducks, were obtained by Seitz filtration of 
plasma from ducks with lophurae, cathe- 
merium, relictum or elongatum malaria. At- 
tempts to free the malaria of the filtrable 
agent were unsuccessful. 
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Melvin H. Kaplan and the Commission on Acute Respiratory Diseases.1 
From the Fespiratory Diseases Commission Laboratory, Fegional Station Eospitai, Section 2, 

Fort Bragg, Eorih Carolina. 


The development of antifibrinolytic prop- 
erties in the blood of patients convalescing 
from streptococcal disease is commonlj' re- 
garded as an immunological response to in- 
fection by the ;3-hemolytic streptococcus.^"^ 
Measurement of the antifibrinolytic capacity 
of the blood has consequently been employed 
as a diagnostic aid in the study of infections 
due to this organism.-'" 

In general, the capacity of the blood to 
resist the action of fibrinolysin is measured 


* Tills investigation ivas supported through the 
Commission on Acute Bespiratory Diseases, Board 
for the Investigation and Control of Influenza and 
Other Epidemic Diseases in the Army, Preventive 
Medicine Service, Office of the Surgeon General, 
United States Army, and by grants from the 
Commonwealth Fund, the W. K. Kellogg Founda- 
tion, the John and Mary E. Markle Foundation, 
and the International Health Division of the 
Hockefcller Foundation to the Board for the 
Investigation and Control of Influenza and Other 
Epidemic Diseases for the Commission on Acute 
Bespiratory Diseases. 

1 Members and professional associates of the 
Commission on Acute Bespiratory Diseases arc John 
H Dingle, Lt. Col., M.C., A.H.S., Director; Theo- 
dore J. Abernethy, Lt. Col., M.C., A.U.S.; George F. 
Badger, Major, M.C., A.U.S.; Norman L. Cressy, 
Major, M.C., A.H.S.; A. E. Feller, M.D.; Irving 
Gordon, M.D.; Alexander D. Langmuir, Ma^r, 
Af C A.TT.S.; Cimrles H. Bammelkamp, M.D.; 
Elias Strauss, Major, M.C., A.U.S.; and Hugh 
Tatlock, Captain, M.C., A.H.S. 

1 Tillett, IV. S., and Garner, E. L., J. Fxp. Med., 

1933, 38, 485. , 

a Tillett, W. S., Edwards, L. B., and Garner, 

R L J- Clin. Invest., 1934, 13, 47. 

3 TBlett, W. S., Bad. Bev., 1938, S, 101. 

Science, 1940, 19, 65. 

0 Boisvert, . j Respiratory Diseases, 

7 Commission on Acute p 
j, Clin. Invest., 1946,35,35^. 


by the time required for the plasma clot to 
undergo complete dissolution, such tests being 
performed either on the patient’s plasma clod 
or on a normal plasma clot to which serum of 
the patient has been added.®’” From the re- 
sults of studies with fibrinolysins from 40 
different strains, Van Deventer^® suggested 
that they all probably belong to one im- 
munological type. In contrast. Mote, Mas- 
sell and Jones, using sharper quantitative 
methods, found that the resistance of plasma 
clots varied with fibrinolysins derived from 
different strains. They attributed their re- 
sults to immunological differences in anti- 
fibrinolysins ; the nature of these immunolog- 
ical differences, however, was not investigated 
further. 

Recent investigation has indicated that 
antifibrinolysin is not the only factor in the 
blood which may confer antifibrinolytic prop- 
erties on a plasma clot. Studies of the mecha- 
nism of the fibrinolytic reaction have shown 
that the actual lytic agent in streptococcal 
fibrinolysis is not fibrinolysin, but a proteo- 
lytic enzyme in the plasma (lytic factor) 
which is activated by fibrinolysin.*”'^” Accord- 
ingly, antifibrinolytic effects may result not 
only from the presence in the plasma of 
antifibrinolysin, but also from increased 
amounts of antiprotease.*bi5 in addition, it 

s Boisvert, P. L., Pboc. Soc. Exp. Biol, axd 
Med., 1942, 49, 078. 

avail Deventer, J. K., Proc. Soc. Exp. Biol. 
,\XD Med., 1934, 32, 1117. 

10 Van Deventer, J. K., Proc. Soo. Exp. Biol, 
akd Med., 1935, 3.3, 17. 

n Mote, J. B., Massell, B. P., and Jones, T. D., 
,T. Immunol., 1939, 3(!, 71. 

P-’Kapl.m, M. H., Proc. Soc. Exp. Biol, and 
Med., 1944, 37, 40. 

IS Christensen, L. R., J. Ocn. Physiol. 1945 
28, 303. 

n Mirsky, I. A., Science, 1944, 100, 198. 

15 Kaplan, M. H., J . Clin. Invest., 1940, 25, 337. 
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TABLE I. : 

Detcrniiiiation of Antifibrinolvsin Titers in Convalescent Phase Sera by Means of Fibrinolysins 
from Groups A. C, and G Streptococci. 


Group of 
infecting 
organism 

Convalescent 
scrum Xo. 

Titer with 
Group A 
fibrinolysin 

Titer with 
Group C 
fibrinolysin 

Titer with 
Group G 
fibrinolyhin 

A 

100 

B 

83 

83 

83 


144 

E 

625 

625 

625 


1G7 

E 

278 

278 

278 


234 

B 

125 

179 

179 


463 

B 

179 

179 

179 

C 

120 

C 

S3 

S3 

56 


249 

B 

125 

125 

125 


2fiS 

C 

56 

56 

56 


aSl 

B 

<25 

25 

25 


1070 

C 

<25 

<25 

<25 

G 

8 

0 

<25 

<25 

<25 


549 

C 

25 

25 

25 


6 

C 

<25 

25 

25 


971 

D 

56 

56 

S3 


694 

P 

36 

56 

36 


has been suggested that clot resistance may 
be due, in some instances, to a deficiency of 
the lytic factor in the plasma.'®’® 

Since the effect of these nonspecific anti- 
fibrinolytic factors was not controlled in 
previous work, the problem of the serological 
specificity of antifibrinolysins was reinvesti- 
gated. Antifibrinolysin was measured quanti- 
tatively by a serological method which mini- 
mized the effect of antiprotease and defi- 
ciency of lytic factor. The sera studied were 
obtained from patients infected by strepto- 
cocci from 3 different Lancefield groups; A, 
C and G. In order to test for possible dif- 
ferences in antifibrinol 3 'sins, these sera were 
titrated with fibrinolysins derived from strains 
from each of these 3 different groups, and the 
resulting titers compared. The results of 
these studies showed that the antifibrinoly- 
sins tested in this manner were immunological- 
ly similar. 

Methods. The sera tested were obtained 
from patients Nvith acute streptococcal 
pharyngitis or tonsillitis. Streptococcal eti- 
ology was confirmed in each case by the 
presence of /9-hemolytic streptococci in 2 or 
more cultures of the throat, and by the de- 
velopment of antistreptolysin “O’’ antibodies 

Ui Milstono. It., .r. Immunol, 1941, 42, 109. 


during earh' convalescence.'" Streptococci 
were grouped by the Lancefield precipitin- 
tube technic'® using bacterial extracts pre- 
pared by Fuller’s method.'® An infection 
was attributed to a strain of a given group 
if all of the throat cultures taken during the 
acute illness showed other groups to be en- 
tirely absent. 

.Antijibrinolysin levels were determined bj' 
the procedure previouslj' described.®® The 
sera were first diluted serialh' in 1.5-fold 
dilutions, beginning with a 1/25 dilution, as 
follows; 1/25, 1/36, 1/56, 1/83, 1/125, 
1/179, 1/278, 1/417, 1/625, 1/900, 1/1400. 
Each dilution was incubated with a standard 
amount of fibrinolysin. The titer of a given 
serum was the highest dilution which neu- 
tralized the lysis-promoting activity of the 
standard unit of fibrinolysin. A difference in 
titer of 2 dilution increments (2 tubes), cor- 
responding to a 2.25-fold antibodv change, 
was considered to be beyond the error of the 
method. 

W Ilodgo, B. E., .niid Swift, II. F., /. Exp. Med., 
1933, 58, 277. 

ts Swift, II. F., Wilson, A. T., and Lancefield, 
R. C., J. Exp. Med., 1943, 78, 127. 

n* Fuller, A. T., Br. J. Exp. Path., 193S, 19, 130. 

Kaplan, M. H., .and Commission on Acute 
Respirator.v Diseases, J. Clin. Invest., 194C, 25, 347. 
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Immunological Similarity of Streptococcal Antifibrinolysins.* 


Melvin H. Kaplan and the Commission on Acute Respiratory Diseases.1 
From the Fcspiratory Viscoses Commission LaVoratory, jRcgiomil Station Sospilai, Section 2, 

Fort Bragg, Kortli Carotina. 


The development of antifibrinolytic prop- 
erties in the blood of patients convalescing 
from streptococcal disease is commonly re- 
garded as an immunological response to in- 
fection by the ^-hemolytic streptococcus.^*^ 
Measurement of the antifibrinolytic capacity 
of the blood has consequentlj'’ been employed 
as a diagnostic aid in the study of infections 
due to this organism.-*" 

In general, the capacity of the blood to 
resist the action of fibrinolysin is measured 


* This investigation Tvas supported througli the 
Commission on Acute Bespiratory Diseases, Board 
for tlio Investigation and Control of Influenza and 
Other Epidemic Diseases iu the Army, Preventive 
Medicine Service, Office of the Surgeon General, 
United States Army, and by grants from the 
Commonwealth Fund, the W. K. Kellogg Founda- 
tion, the Jolin and Mary E. Markle Foundation, 
and the International Health Division of the 
Bockefeller Foundation to the Board for the 
Investigation and Control of Influenza and Other 
Epidemic Diseases for the Commission on Acute 
Bespiratory Diseases. 

t Members and professional associates of tlic 
Commission on Acute Bespiratory Dise.ascs are John 
H Dingle, Lt. Col., M.C., A.U.S., Director; Theo- 
dore J. Abernethy, Lt. Col., M.C., A.U.S.; George F. 
Badger, Major, M.C., A.U.S.; Norman L. Cressy, 
Major, JI.C., A.U.S.; A. E. Feller, M.D.; Irving 
Gonlon, JI.D.; Ale.vander D. Langmuir, Major, 
JIC A US - Charles H. Eamraelkamp, M.D.; 
Elias Strauss’ Major, >I.C., A.U.S.; and Hugh 
Tatlock, Captain, M.C., A.U.S. 

1 Tillett, W. S-, and Garner, E. L., J . Exp. Ued., 

1033, 58, 185. 

2 Tillett, W. S., Edwards, L. B., and Garner, 
E L. J. Clia. Invest., 1934, 13, 47. 

'a Tillett, W. S., Fact. Bev., 1938, 3 101. 

I Mote, J. E., and Jones, T. D., J- Jmmnnot., 

L. A., Boisvert, F. L, and Spink, W. IV., 
Science, 1940, ^lOJ ^ 

vlTmision on Acute Bespiratory Diseases, 
J. Clin. Invest., 1946, 3o, 352. 


by the time required for the plasma clot to 
undergo complete dissolution, such tests being 
performed either on the patient’s plasma clod 
or on a normal plasma clot to vrhich serum of 
the patient has been added.®-® From the re- 
sults of studies with fibrinolysins from 40 
different strains, Van Deventer^® suggested 
that they all probably belong to one im- 
munological type. In contrast. Mote, Mas- 
sell and Jones,*^ using sharper quantitative 
methods, found that the resistance of plasma 
clots varied with fibrinolysins derived from 
different strains. They attributed their re- 
sults to immunological differences in anti- 
fibrinoiysins; the nature of these immunolog- 
ical differences, however, was not investigated 
further. 

Recent investigation has indicated that 
antifibrinolysin is not the only factor in the 
blood which may confer antifibrinolytic prop- 
erties on a plasma clot. Studies of the mecha- 
nism of the fibrinolytic reaction have shown 
that the actual lytic agent in streptococcal 
fibrinolysis is not fibrinolysin, but a proteo- 
lytic enzyme in the plasma (lytic factor) 
which is activated by fibrinolysin.^®-*® Accord- 
ingly, antifibrinolytic effects may result not 
only ^ from the presence in the plasma of 
antifibrinolysin, but also from increased 
amounts of antiprotease.**-*® In addition, it 

» Boisvert, P. L., Proc. Soc. Exp. Biol, and 
Med., 1942, 49, 678. 

9AL-in Deventer, J. K., Prqc. Soc. Exp. Biol. 
AND Med., 1934, 32, 1117. 

lovan Deventer. J. K., Proc. Soc. Exp. Biol. 
AND Med., 1935, 3.3, 17. 

H Mote, J. B., M.issell, B. F., and Jones, T. D., 
.1. Immunol., 1939, 30, 71. 

12 Kaplan, M. H., Proc. Soc. Exp. Biol, and 
5Ied., 1944, 57, 40. 

13 Christensen, L. B., Gen. Physiol., 1945, 

28, 363. ’ 

11 Mirsky, I. A., Science, 1944, 100 198 

l.> Kaplan, M. H., J. Clin. Invest., 1946, 25, 337. 
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However, a second explanation was sug- 
gested by the report” that antifibrinolysins 
differed immunologically. If antibody dif- 
ferences were a significant factor in the de- 
termination of antifibrinolysin, it seemed pos- 
sible that the detection of antibody rises 
might be limited to the variety of fibrinolysin 
employed as antigen. The present study was 
consequently undertaken to test for and, if 
possible, to determine the nature of the dif- 
ferences in antifibrinolysins. 

An attempt was made to obtain evidence 
of such differences by measuring the antibody 
level of the sera of patients infected by 
streptococci belonging to different Lancefield 
groups. Quantitative antibody titrations 
were carried out on the sera of patients with 
infectioirs due to organisms from each of the 
3 groups, A, C and G; and the fibrinoli'sins 
used for testing for antibody were deriv'ed 
from strains from each of these same groups. 
The results of the study showed that the 
titers of the various sera tested were es- 
sentially the same with all 3 fibrinolysins. 

It would thus appear that the fibrinolysins 
produced by these different organisms were 
immunologically identical in their reac- 
tivity. This is in agreement with the 


observations of other workers."-^®'-® It is 
not possible to e.xplain the different re- 
sults reported in the first quantita- 
tive studies of the problem.'^ However, as 
possibly contributing to apparent differences, 
2 points may be mentioned: (1) the non- 
specific factors in the plasma, such as anti- 
protease or a deficient lytic factor, may have 
produced the differences observed, or (2) the 
variations may have been due to the method 
of antibody estimation employed. ^leasure- 
ment of antibod 5 ' was based on the amount 
of fibrinol 3 'sin which permitted clot dissolu- 
tion. Since fibrinoij'sin and antifibrinolj'sin 
combine in varjdng multiple proportions,^® it 
would appear that a procedure in which the 
fibrinolysin concentration is varied is not 
suitable for the measurement of antibodj*. 
The evidence thus suggests that the fibrinoly- 
sins produced by streptococci pathogenic for 
man are identical in their immunological be- 
havior. 

Conclusion. It was concluded, therefore, 
that the use of a single fibrinolj'sin prepara- 
tion is satisfactory for the serological de- 
termination of antifibrinolj’sin in human in- 
fections. 

-« Kirby, \V. .M., .-ind H:mtz, h. A., Arch. Int. 
Med, 1943, 71, (520. 
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Action of Estrogen on Release of Hypophyseal Luteinizing Hormone. 

.Arthur .A. Hellbaom and Roy 0. Creep. 

From the School of Medicine, Universii}i of OVlahoma, OHahoma City, 01:1a., and Harvard 
School of Denial Medicine, Boston, Jfoss. 


The gonad stimulating properties of the 
pituitary are better understood than is the 
reciprocal action of the gonadal secretions 
on the pituitary. In respect to the latter 
process the terms “suppression” and “inhibi- 
tion” are frequently used to describe what 
is obviously a more complicated mechanism 
than these empirical terms imply. The 
pituitary gonadotropic complex does not al- 
ways act as a unit and individual factors 
should be considered separately in their re- 


sponse to estrogens and androgens. Further- 
more, the intracellular synthesis of a pituitary 
factor is a process distinct from that involv- 
ing the liberation of the factor from the 
gland. 

We have attempted in the work presented 
here and in our previous studies,'- to obtain 

inellbaum, A. A., and Creep, E. 0., Am. J. 
Anai., 1.O40, 07, 2Sr. 

^HcEbaum, A. A., and Creep. E. 0., Fndocrin- 
olony, 1943, 32, 33. 
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TABLE II. 

Determination of Antiflbrinolysin Titers of Acute and Convalescent Phase Sera by Means of 
Eibriuol 3 -sins of Homologous and Heterologous Groups. 


Group of 
infecting 
organism 

Case Eo. 

Bate of 
serum 

Antistrepto- 
Ij'sin " 0 ” 
titer 

Titer witli 
Group A 
ftbrinol.ysin 

Titer with 
Group C 
fibrinolysin 

Titer witii 
Group G 
fibrinolj'sin 

A 

0-463 

1-1 

159 

50 

50 

56 



2-27 

400 

179 

179 

179 

A 

0-144 

12-15 

159 

125 

125 

125 



1-12 

317 

625 

625 

625 

A 

0-167 

12-21 

159 

83 

125 

125 



1-19 

500 

278 

278 

278 

C 

T-101 

5-20 

50 

<25 

<25 

<25 



6-11 

159 

36 

36 

36 

G 

0-6 

10-21 

125 

<25 

<25 

<25 



1-26 

400 

25 

25 

25 

G 

0-694 

1-1 

62.5 

25 

30 

36 



2-23 

100 

36 

56 

50 


The jibrinolysins were prepared from cul- 
ture filtrates by alcoholic precipitation ac- 
cording to the procedure of Garner and Til- 
lett,-^ and were stored in the frozen state 
until ready for use. 

Results. The titers of each of IS con- 
valescent sera were determined with fibrinoly- 
sins derived from strains belonging to the 3 
groups, A, C and G. Five of these IS sera 
were obtained from patients convalescent 
from a group A infection; S were from pa- 
tients with a group C infection; and the 5 
remaining were from cases infected by group 
G strains.! As shown in Table I, the titer 
of each serum was essentially the same with 
each of the 3 fibrinolysins employed. Varia- 
tion of the titer of any one serum did not 
exceed one tube. The evidence thus indicated 
that the 3 fibrinolysins reacted with the sera 
in a quantitatively identical manner. 

In a second experiment these 3 different 
fibrinolysins were used to measure the in- 
crease in antifibrinolysin in serum specimens 
collected during the acute and convalescent 


21 G.'irner, E. L., and Tillett, W. S., J. Itxp. Med., 

34 60, 239. . , . , 

i The detailed clinical, bacteriological, and sero- 
gical data on the patients mth group G and G 
foctions are to be published elsewhere.22 

22 Commission on Acnte Ecspiratory Diseases, 
eiv Eng. J. Med., to be published. 


lAi piL^vcu sirepLucoccai miecuoiiij. 
Sera were examined from 3 patients with 
group A infections, one patient with a group 
C infection, and 2 patients with group G in- 
fections. 

As shown in Table II, the antibody rises 
in the group A and C cases were at least 2 
tubes in magnitude; the group G cases 
showed increases of one tube. The amount 
of antibody increase in each of these patients 
was essentially the same with all 3 fibrinoly- 
sins employed. It was concluded that the 
antifibrinolysins produced in human infections . 
due to groups A, C and G streptococci were 
immunologically similar. 

Discussion and Summary. Several studies 
have indicated that a rise of antifibrinolysin 
apparently occurs much less frequently in 
s ^^Pfi^coccal disease than a rise in antistrep- 
oysin. ' One possible explanation for 
this Jow frequency of the antifibi-inolysin re- 
sponse IS that streptococci vary markedly in 
heir ability to produce fibrinolysin, and con- 
se^ently in the frequency which they may 

he^ nr antibody response. Evidence has 
been presented m suppor t of this hypothesis.-^’® 
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of the normal rat contains moderate amounts 
of the luteinizing hormone. There were from 

2 to 5 corpora lutea in the ovaries of each 
of the recipients. 

Spayed Adult Female Rats. In this group, 
28 adult female rats were oophorectomized 

3 months prior to necropsy and removal of 
the pituitary glands for assay. A total of 20 
normal and 19 hypophysectomized recipients 
were used. The pituitaries from this donor 
group showed a marked increment in the 
luteinizing factor. The ovaries of the recipi- 
ent rats were e.xtensively luteinized, ilacro- 
scopic and histologic examination revealed 
ovaries filled with corpora lutea and few, or 
no maturing follicles. 

In addition to an increase in the residual 
luteinizing factor, following spaying, the 
pituitary content of follicle-stimulating hor- 
mone was likewise increased. Less than 1/10 
of the dose of pituitary powder from spayed 
rats was required to produce an ovarian 
weight increase comparable to that produced 
by the pituitaries of normal animals. This 
was undoubtedly due, in part, to an increased 
storage of the luteinizing hormone which acted 
synergistically with the follicle-stimulating 
hormone to produce greater ovarian enlarge- 
ment. 

Oophorectomized Adult Female Rats In- 
jected with Estradiol Benzoate. The object 
of this e.xperiment was to determine whether 
the store of luteinizing hormone, which had 
accumulated in the pituitary as a result of 
spaying, could be released bj' estrogen in- 
jection and be reduced to such a degree that 
its physiological activity would be undetecta- 
ble in recipient female rats. 

A total of 21 adult animals, which had 
been spayed 3 months previously, were in- 
jected daily with 15 fi estradiol benzoate* 
in oil for 30 to 45 days. The pituitaries of 
these animals were tested in 7 intact and 7 
hypophysectomized recipients. The ovaries 
of only one of the assay animals contained 
corpora lutea. The ovaries of the remaining 
13 animals showed only follicle stimulation. 
The presence of lutein tissue in the single 
intact recipient may have been due to 

* The oatr.idiol benzoate was kindly furnished 

by the Schcring Corporation, Bloomfield, K.J. 


endogenous luteinizing hormone from the 
test animal’s ovra pituitar}' gland. 

.Another group of 9 adult oophorectomized 
rats were injected with 3 of estradiol ben- 
zoate daily for periods varjdng from 30 to 
45 days. These pituitaries were administered 
to 9 h\-pophysectomized recipients. The 
ovaries of none of these animals showed a 
trace of luteinization, although most of them 
had well developed follicles. 

It is clear from these data that estrogen 
caused a liberation of the luteinizing hormone 
to a point where this substance was being 
released as rapidly as it was being produced. 
This finding is in accord with our previously 
expressed views regarding the effect of the 
gonads on the pituitary. .Although our 
former study^ was concerned primarily with 
the action of testosterone, we doubt that 
there is an essential qualitative difference be- 
tween the action of estrogen and testosterone 
on the pituitary with respect to their ability 
to cause a release of the luteinizing hormone. 
This view concurs with the findings of other 
workers investigating functional activity of 
the pituitarj', with respect to gonad stirnula- 
tion, during treatment with sex hormones.®-' 
Laqueur and Fluhmann** injected testosterone 
into normal female rats and obtained a 
diminution of gonadotropic potency (by im- 
plants) which they attributed to an inhibi- 
tion of the production of luteinizing hormone. 

Summary. The pituitaries of adult female 
rats, under normal estrogen influence, stim- 
ulated moderate luteinization in normal and 
h}-poph}'sectomized recipient immature fe- 
male rats. The pituitaries of^ adult female 
rats freed of estrogen stimulation through 
oophorectomy, invariably caused extensive 
luteinization of the recipient ovaries. This 

® Hohlwog, W., Klin. TTrlin.tc/ir., 1934, 13, 92. 

Solve. H., Collip, J. B., and TImmson, D. L.. 
Proc. Soc. E.xr. Biol. a.n-d Med., 1935, 82, 1377. 

5 Wolfe, J. M.. and Hamilton, J, B., Pkoc, Soc. 
Ext. Biol. .\sd Med., 1937, 37, 1S9. 

fi Fevold, H. L., Hisaw, P. L., and Greep, R. O., 
Jm. J. Physiol., 1933, 114, SOS. 

7 Freed, S. C., GrecnluII, J. P., and Soskins, S., 
Proc. Soc. E.xp. Biol, akd Med., 193S, 80, 440. 

S Laqueur, G. L., and Fluhmann, C. F., Kndo- 
crinoloyy, 1942, 31, 300. 
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TABLE I. 

Comparison of the Besidual Pituitary Gonadotropic Activity Pound in: Normal Adult Female Eats- 
Female Eats 3 Months After Spaying; Spayed Female Eats Treated with Estrogen for 30 to 45 Davs 
Beginning at 3 Months After Spaying. 


Immature recipient female rats 


Adult female donors 


No. of 
animals 

Ovarian wt 

Type of ovarian 
response 

Type 

No. of 
animals 

Avg dose 

(mg) 

Avg 

(mg) 

\ 

Eange 

(mg) 


Xormal 21 -da 3 '-old female xccipients. 


Intact 

38 

14.5 

7 

29.1 

16- 49 

2 to 5 corpora lutea 

Spayed 3 montlis 

8 

3.6 

8 

73.9 

32-135 

Numerous corpora lutea 


6 

1.7 

12 

39.0 

23- 54 

? J }} 

Spared 3 months then treated 






with 15|i estradiol 

ben- 14 

13.8 

7 

31.3 

20' 42 

6 rats with follicles onlj 

zoate 30 to 45 days 






1 rat with corpora lutea 

Avg ovarian wet of uninj. immature control rats — ^12 

mg. 




n 3 -pophysectomized Female Kecipients 


Intact 

40 

19.2 

5 

27.2 

21- 34 

2 to 5 corpora lutea 

Spayed 3 mo 

9 

3.54 

9 

54.8 

34-103 

Numerous corpora lutea 


5 

1.7 

10 

32.4 

19- 50 

>> 

Spayed 3 mo then treated 






with 15p. estradiol 

ben- 






zoate 30 days 

7 

6.4 

7 

20.2 

16- 28 

Follicles only 

Spaj-ed 3 mo then treated 






with 3g, estradiol 

ben- 






zoate 30-45 days 

9 

5.8 

9 

15.4 

9- 26 

>> n 

Avg ovarian wgt of 8 hj-pophysectomized immature controls — 8.7 

mg. 



information on the storage and release of 
pituitary gonadotropins. The purpose of this 
report is to demonstrate the qualitative 
changes in the residual luteinizing component 
of the pituitary at various levels of estrogen 
influence. 

The experimental procedure consisted of 
comparing the type of ovarian stimulation 
produced by the pituitaries of; (1) normal 
adult female rats; (2) adult female rats 3 
months after the removal of the ovaries; 
(3) oophorectomized adult female rats in- 
jected with estradiol benzoate after a 3-month 
postoperative interval. The pituitaries of 
the different donor groups were assayed in 
normal female rats 21 days of age and_ m 
immature hypophysectomized female recipi- 


^^The donor pituitaries, following removal, 
were dehydrated in acetone, dried, and 
powdered by the procedure previously report- 


ed.^ The powder was suspended in water 
and injected twice daily for 3 days into nor- 
mal and hypophysectomized recipients. The 
latter received their first injection 48 hours 
after the operation. Necropsies were made 
120 hours after the first injection. The 
ovaries were weighed and e.xamined before 
fixation for follicle growth and for presence 
of corpora lutea. Histological sections were 
prepared when corpora lutea were not gross- 
ly visible. The data are summarized in 
Table I. 

Normal Adult Female Rats. Assays car- 
ried out on the pituitaries of this group re- 
vealed the characteristic gonad stimulating 
activity of pituitaries which have been sub- 
jected to the normal output of ovarian hor- 
mones. A. total of 78 glands were assayed 
in 7 normal and S hypophysectomized re- 
cipients (Table I). The resultant ovarian 
responses showed that the pituitary gland 



Release of Hypophyseal Lutexizing Hormoxe 


55 


of the normal rat contains moderate amounts 
of the luteinizing hormone. There were from 

2 to 5 corpora lutea in the ovaries of each 
of the recipients. 

Spayed Adult Female Rats. In this group, 
28 adult female rats were oophorectomized 

3 months prior to necropsj' and removal of 
the pituitarj' glands for assay. A total of 20 
normal and 19 hj'pophysectomized recipients 
were used. The pituitaries from this donor 
group showed a marked increment in the 
luteinizing factor. The ovaries of the recipi- 
ent rats were extensively luteinized. iMacro- 
scopic and histologic examination revealed 
ovaries filled with corpora lutea and few, or 
no maturing follicles. 

In addition to an increase in the residual 
luteinizing factor, following spajdng, the 
pituitary content of follicle-stimulating hor- 
mone was likewise increased. Less than 1/10 
of the dose of pituitaiy' powder from spayed 
rats was required to produce an ovarian 
weight increase comparable to that produced 
by the pituitaries of normal animals. This 
was undoubtedly due, in part, to an increased 
storage of the luteinizing hormone which acted 
synergistically with the follicle-stimulating 
hormone to produce greater ovarian enlarge- 
ment. 

Oophorectomized Adult Female Rats In- 
jected with Estradiol Benzoate. The object 
of this experiment was to determine whether 
the store of luteinizing hormone, which had 
accumulated in the pituitary as a result of 
spaying, could be released by estrogen in- 
jection and be reduced to such a degree that 
its physiological activity would be undetecta- 
ble in recipient female rats. 

A total of 21 adult animals, which had 
been spayed 3 months previously, were in- 
jected daily with 15 jx estradiol benzoate* 
in oil for 30 to 45 days. The pituitaries of 
these animals were tested in 7 intact and 7 
hypophysectomized recipients. The ovaries 
of only one of the assay animals contained 
corpora lutea. The ovaries of the remaining 
13 animals showed only follicle stimulation. 
The presence of lutein tissue in the single 
intact recipient may have been due to 

• The ostradiol benzoate was kindly furnished 
by the Schering Corporation, Bloomfield, K.J. 


endogenous luteinizing hormone from the 
test animal’s own pituitary gland. 

Another group of 9 adult oophorectomized 
rats were injected with 3 pi of estradiol ben- 
zoate dail}' for periods varjing from 30 to 
45 days. These pituitaries were administered 
to 9 hjpophysectomized recipients. The 
ovaries of none of these animals showed a 
trace of luteinization, although most of them 
had well developed follicles. 

It is clear from these data that estrogen 
caused a liberation of the luteinizing hormone 
to a point where this substance was being 
released as rapidly as it was being produced. 
This finding is in accord with our previously 
e-xpressed views regarding the effect of the 
gonads on the pituitar}'. Although our 
former study- was concerned primarily with 
the action of testosterone, we doubt that 
there is an essential qualitative difference be- 
tween the action of estrogen and testosterone 
on the pituitary with respect to their ability 
to cause a release of the luteinizing hormone. 
This view concurs with the findings of other 
workers investigating functional activity of 
the pituitarj-, with respect to gonad stimula- 
tion, during treatment with se.x hormones.®"" 
^queur and Fluhmann® injected testosterone 
into normal female rats and obtained a 
diminution of gonadotropic potency {by im- 
plants) which they attributed to an inhibi- 
tion of the production of luteinizing hormone. 

Summary. The pituitaries of adult female 
rats, under normal estrogen influence, stim- 
ulated moderate luteinization in normal and 
hj-pophysectomized recipient immature fe- 
male rats. The pituitaries of, adult female 
rats freed of estrogen stimulation through 
oophorectomy, invariably caused extensive 
luteinization of the recipient ovaries. This 

® Hohlwcg, tv., Ktin. TTchmehr., 1934, 13^ go. 

•1 Sclyc, H., Collip, J. B., and Thomson, D. L 
Proc. Soc. Exp. Biol, .cnd Med., 1935, 32, 1377. 

5 Wolfe, J. M.. and Hamilton, J. B., Pp.oc. Soc. 
Exp. Biol, axd Med., 1937, 37, 189. 

« Fevold. H. L., Hisaw, P. L., and Creep, R. O. 
Am. J. Physio}., 1935, 1X4, 50S. ’ 

• Freed. S. C., Greenhill, J. P., and Soskins, S., 
Pp.oc. Soc. E.vp. Biol, akd Med., 1938, 30, 440. 

SLaqueur, G. L., and Fluhmann, C. F.. Endo- 
crinolopy, 1942, 31, 300. 
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indicated that liberation of the hypophyseal 
luteinizing factor was minimal in the absence 
of estrogen; the factor remaining stored with- 
in the pituitary gland. 

Release of the luteinizing factor by estrogen 
was suggested also by the type of ovarian 
response produced by pituitaries from oophor- 


ectomized adult female rats which had been 
injected with estradiol benzoate daily for 30 
to 45 days. These pituitaries produced fol- 
licular development but no corpora lutea, due 
to removal of the luteinizing factor by the 
estrogen treatment. 
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Effect of Long Chain Fatty Acids on Bacterial Growth. 


R. J. Dubos. 

Frovi the Lahorntorics of The Focl-efcllcr Institute for Medical Research, Xew Yorh City. 


We have shown elsewhere that certain 
water soluble lipids promote diffuse growth 
of tubercle bacilli in synthetic media, es- 
pecially in the presence of serum albumin.*-- 
These same substances have now been found 
to enhance the growth of other microbial 
species, in particular of an unidentified 
micrococcus (strain C), recently isolated in 
our laboratory. Some understanding has al- 
so been gained of the conditions under which 
long chain fatty acids, can stimulate bacterial 
growth. ^ r." 

It AS -known that the soaps of fatty acids 
exert a bacteriostatic and bactericidal effect 
on certain micro-organisms, particularly on 
the Gram-positive and acid-fast species, and 
that unsaturated acids are more toxic than 
the corresponding saturated compounds.*"® 


Tp^ibos, B. J., Peoo. Soc.' Exp. Bioi.. and Med., 

.945, 58, 361. . r 

2 Dubos, E. J., ^aris, B. D., J. Exp. Med., 

^3 Avery 0. T., T. Am. Med. Assn., 1918, 71, 2030. 
4 Bergstrom, S., TheoroU, H., and Davide, H., 
1946, 157, 306. 
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w xr Coleman, C. H., Green, C. M., 
9 Stanley, ' y, j pharm. Exp. Ther., 

Sacks, J., and Adams, E., E/.o 

1933, 45, 121. 


For example, concentrations of oleic acid as 
low as 0.000001-0.00001 are sufficient to 
cause inhibition or retardation of growth of 
small inocula of human tubercle bacilli in 
synthetic liquid media. On the other hand, 
fatty acid esters (methyl oleate, triethan- 
olamine oleate, phosphatides) exhibit little 
or no primary toxicity. That the lack of 
toxicity is not due to poor solubility of the 
esters is indicated by the fact that the 
polyoxyethylene derivatives of oleic acid are 
essentially nontoxic, even though they are 
completely dispersible in water.*'* Thus, 
tubercle bacilli grow readily in synthetic 
media to which has been added 0.1-1.0% 
of Tween 80 (a polyoxyethylene derivative 
of sorbitan monooleate) purified to remove 
unesterified fatty acid.*® Detoxification of 
the fatty acids can also be achieved by add- 
ing to the medium native serum allmmin. 
When an adequate amount of this protein 
is added to an opalescent soap emulsion (at 
neutral pH), there occurs an immediate 
clearing of the emulsion with concomitant 
disappearance of toxicity. It takes approxi- 
mately 40 parts by weight of albumin to 
achieve complete detoxification of 1 part of 
oleic acid; however, growth of tubercle bacilli 
can be obtained in media containing 0.01% 
oleic acid and 0.5% serum albumin if a 
sufficiently large inoculum is used. 

IVhen rendered nontoxic, either by ester- 

10 Davis, B. D., and Dubos, E. J., Arch. Biochem., 
1946. 
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TABLE I. 


Effect of Oleic and Stearic Acid on Bacterial Grontli. 


Added to casein 

hydrolysate medium 

Growth in mg/10 ml* — 7 

days incubation 

r 

Glucose 

Oleic acid 

Stearic acid 

Albumin 

Micrococcus C Avian tubercle bacillus 

% 

% 

Vo 

% 

mg 

mg 

0 

0 

0 

0 

0.2 

0.1 

0 

0.001 

0 

0 

1.0 

0 

0 

0.01 

0 

0 

0 

0 

0.5 

0 

0 

0 

0.3 

0.1 

0.5 

0.001 

0 

0 

2.1 

0 

0.5 

0.01 

0 

0 

0 

0 

0 

0 

0 

0.5 

0 

0.2 

0 

0.001 

0 

0.5 

1.0 

0.3 

0 

0.01 

0 

0.5 

3.9 

1.1 

0.5 

0 

0 

0.5 

0 

0.3 

0.5 

0.001 

0 

0.5 

4.1 

0.5 

0.5 

0.01 

0 

0.5 

5.1 

1.1 

0 

0 

0.001 

0.5 

0 

0.3 

0 

0 

0.01 

0.5 

0 

0.8 

0.5 

0 

0.001 

0.5 

0 

0.6 

0.5 

0 

0.01 

0.5 

0 

1.2 


* The amount of groveth -sras evaluated from measurements of optical density and of sedi- 
ments obtained by centrifugation in comparison with suspensions containing known weights 
of bacteria. 


ification or by admixture with serum albumin, 
a number of long chain fatty acids are found 
able to enhance the growth of certain bac- 
teria: the different bacterial species, how- 
ever, differ markedly in their response to 
the various acids. The comparative be- 
havior of tubercle bacilli and of micrococcus 
C in this respect can be summarized in tbe 
following statements. 

Enhancement of growth of tubercle bacilli 
can be obtained by adding 0.01% of any 
of a variety of long chain fatty acids — ^sat- 
urated or unsaturated — to a medium con- 
taining 0.5% ciy'Stalline serum albumin. The 
presence of glucose or of other readily availa- 
ble carbon compounds is not necessaiA' for 
the development of growth or for demonstra- 
tion of the enhancing effect of the fatty acid. 
This finding is in agreement with the fact 
that several long chain fatty acids have been 
found to stimulate oxygen uptake by tubercle 
bacilli.^* In the case of micrococcus C, 
on the other hand, abundant growth results 
from the addition of oleic, linoleic, linolenic 

II Loebel, R. O., Sborr, E., Ricb.irdson, H. B., 
J. liact., 1933, 20, 139. 


or arachidonic acids (0.0001-0.001%) to a 
mineral medium containing glucose as the 
sole source of carbon. Saturated fatty acids, 
on the contraiy', appear completely unable 
to permit growth. In this respect the nutri- 
tional requirements of micrococcus C are 
similar to those of diphtheria and tetanus 
bacilli.^--'^ Although none of the other sub- 
stances tested (yeast extract, hydrolysates 
of casein, protein, etc.) can take the place 
of the unsaturated fatty acids in initiating 
growth of the micrococcus, the abundance 
of the growth is markedly increased by the 
addition of glucose to a medium containing 
an adequate concentration of unsaturated 
acid. Finally, addition of ctystalline al- 
bumin to media containing only minute con- 
centrations of unsaturated acids completety 
inhibits the small amount of growth of micro- 
coccus which would have taken place in the 
absence of the protein; this inhibitorj' ef- 
fect can be neutralized by adequate addition 

12 Cohen, S., Snyder, J. C., and llneller, J. H., 
J. Jiact., 1941, 41, oSl. 

13 Feeney, R. E., lluellcr, J. H., and Miller, P. A., 
J. Jlact., 1943, 46, 559. 


58 


Rat Heart Rate 


of oleic, linoleic, linolenic or arachidonic 
acid. No similar growth inhibitory effect by 
albumin has been observed in the case of 
tubercle bacilli. 

These different phenomena are illustrated 
in Table I in which are compared the growths 
of a strain of avian tubercle bacilli and of 
micrococcus C in a casein hydrolysate medium 
to which oleic acid, stearic acid, glucose and 
serum albumin were added as indicated. 

More extensive data concerning the ef- 
fect of different fatty acids on bacteria — 
both in liquid and on agar media— will be 
presented in a forthcoming publication; it 
-will be shown also that, at equal concentra- 


tions of long chain fatty acids, the water 
soluble esters are more efficient than the 
corresponding soaps in supporting bacterial 
growth. 

It appears -worth pointing out at this time 
that, under the proper cultural conditions, 
the amount of grow'th yielded by micro- 
coccus C seems to be directly related to the 
amount of unsaturated fatty acids present 
in the medium (between 0.00001 and 
0.0001%). This property suggests that the 
culture might lend itself to the development 
of a microbiological assay method for these 
lipids. 
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Hoskins, Lee and Durrant^ counted the 
heart rates of rats by stethoscope while the 
animals lay dozing in their cages, and they 
reported a basal rate of 28 1 ±18 beats per 
minute. Fishburne and Cunninghani- wrapped 
their rats in a towel for auscultation of the 
heart sounds; the rates they obtained fell 
in the neighborhood of 300 beats per minute. 
Meyer and Yost® held their rats in the crook 
of the arm while palpating the apex beat, 
and they found the rates of adult rats to varj^ 
between 300 and 330 beats per minute. 

Drurv. Harris and Maudsley,^ Robertson 

vpTsitv of 

1 Hoskins, E. G., Lee, M. O., and Currant, E. F., 
Am /. Physiol; 1937 , 83 , 621 . 

SEishlmrne, M., and Cunningliam, B., Fnde- 
K., Fudoorinoto.., 

Harris, L. L, and Hands, ex, 0., 

1944, 1-11, 32- 


and Doyle,® and Leblond and Hoff® recorded 
electrocardiograms in rats and thus avoided 
subjective errors, but they did so while 
forcibly restraining their rats in the supine 
position to allow insertion of needle electrodes 
through the skin. KniazuF described an 
oscillographic method for obtaining electro- 
cardiograms from rats placed in specially 
constructed cages. The method developed 
independently by the present author follows 
the same principle as that of Kniazuk but 
has the advantage of making inexpensive 
permanent records. It involves registration 
of the electrocardiogram from the surfaces 
of the rat’s feet. 

At first, the record was transcribed with 
the usual electrocardiograph, but, aside from 
the cost of bromide paper and the time lost 
in developing the film, that procedure was 
unsatisfactory in that it failed to tap the 
heart’s potential through plantar callouses 
that the rats acquired in their mesh-floored 
cages. 

The apparatus finally adopted was that 
developed for the recording of brain waves 

T ICiiiazuk, M., J. Lah. Clin. Med., 1937, 22, 868. 
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tion in text. 


by Gerard and his associates. In this meth- 
od, the impulse is picked up by contact 
electrodes in the form of copper floor plates, 
stepped up by Offner’s® 3-stage push-pull 
amplifier, and inscribed on adding machine 
tape by the piezo-electric crj^stograph of Off- 
ner and Gerard.® Since the tape is moved 
by a constant speed motor, the heart rates 
can be measured accurately by the use of 
dividers. 

Construction of the animal holder is shown 
in Fig. 1. The floor is a 1" x 2J4" x 6" 
hard rubber block into which copper plates 
arc countersunk to act as the pick-up elec- 
trodes. one for both forefeet and the other 
for the hind feet. To simulate the rough 
floor to which rats are apparently partial, 
a square of copper screening is soldered to 
the surface of each of the copper plates. 
A long iron screw, soldered to each plate, 
passes through the hard rubber floor to dip 


SOfCnor, F., Jicv. Sci. I7i,itrtnnat1s. 1037, 8, 20. 
Offner, F.. and Gerard, R. Vt., Science, 1030, 
84, 200. 


into a mercury cup set into the shelf on 
which the cage rests. The potentials are led 
from these mercury cups into the amplifier 
and crystograph. .Animal, cage, and wiring 
are shielded from 60-cycle hum by enclosure 
in a large copper screen chamber, appro- 
priately grounded. 

Neither electrode paste nor saline is re- 
quired to facilitate transmission from the 
rat to the electrodes on which he is standing. 

To make each cage adjustable for rats 
of all sizes, the sides and roof are formed 
by a single bent sheet of hea\w celluloid, 
measuring 7" x 6"’. Slots cut into the cel- 
luloid sheet in place of screw holes thus 
make it possible to alter the volume of the 
cage at will. 

The front gate is constructed of heavy sheet 
metal, x wth a large copper 

screen window for ventilation. The top of 
this front gate Ls bent to form a 2-inch pro- 
jection to shade the animal's head. (This 
author has found no merit to the almost uni- 
versal assumption that bright light induces 
rats to sleep; it probably irritates their eyes. 


HEART 



Dceline in heart rate v-itii progressive training. Evaluation of activity: +4- ++j extreme 
and prolongecl; + ++) intermittent but great; -f-+, moderate; +, occasional and mild; 
0, insignificant; co, prolonged inactivity. 


which are unprotected by pigment. Actually , 
it was observed that coating the shiny front 
screen with flat black paint aids significant- 
ly in producing relaxation). 

The tail gate is also of heavy sheet metal, 
its dimensions x 4". A large slot is 

cut into this gate, from below upward, to 
allow protrusion of the tail and testicles. A 
small plate is used to close this slot m those 
instances early in the training period, when 
a rat succeeds in turning around in the cage; 
without such a device, he is likely to gnaw 

at the edge of the tail gate. 

th! »ost pan, adull male rata to 
^ a in this study, and most of the 
been used ^^ggrt rate levels and 

observations regarding neart la 

r„l a b. to 


of 15-20 minutes was found necessary be- 
fore the heart rate reached basal levels. 
Generally, the records taken for experimental 
purposes, after training, were made on each 
rat separately, involving a 10-minute run 
following a 10-minute rest. Later, it was 
found that a restless animal could be pre- 
vented from communicating his mood to a 
neighbor by interposing a partition between 
adjacent cages. With this modification, a 
number of rats can be rested simultaneously 
and then each cage switched in sequence 
into the circuit for recording. 

The heart rate adopted from any given 
run is the lowest one found in that tracing. 
The trend of succeeding determinations is 
followed from the curve of daily findings; 
that value indicated by a leveling off '’of 
the curve is taken as the “predictable,” 
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Fig. 3. 

Illustrative tracings. Approximatclv one-half 
actual size. 

a. Fairly complete ECG. 

1», Vcnfricular extrasystoles (large,, premature 
QES complexes). 

c. Effect of activity on heart rate (early phase 
of training). 


if not always true basal, heart rate. The 
resultant valuK on 113 adult males, ranging 
from 200 to 370 g body weight, averaged 
4,4i;0.30 beats per second, or 264*18 per 
minute. 

The attainment of a predictable heart 
rate level usually was found to require at 
least a month of training. 

The course of training is fairly consistent 
in practically all instances, as indicated by 
3 cuives selected to bring out the average 
and the 2 e.vtremes (Fig. 2). In general, 
the rats become progressiveh^ more and more 



Fig. i . 

F.uctor.s .iltcriug hc.irt r.ite. 

.s. Eack of effect of activity (late phase of 
training periotl), 

1). Lack of <lay-to.i,lay correlation with activity, 
c. Effect of room temperature. 


accustomed to the regime, and, though only 
a rare individual goes to sleep in the cage, 
most come to accept the restriction with 
equanimity. The symbols used on the 
curt'es are a purelj' subjective evaluation 
of activity as determined by inspection of 
the tracings. 

The tracings obtained do not usually con- 
stitute complete electrocardiograms. A fair 
proportion of them do show the customary 
3 major deviations of the cardiac cycle 
(Fig. 3a), but most record only a triphasic 
QRS comple.v. No doubt, establishment 
of better contact between the feet and the 
electrodes would suffice in all instances to 
bring out the P and T waves, if desired. 

Occasionally, an individual rat exhibits 
cardiac arrhythmia, varying from a slight 
irregularity to a series of extra-systoles of 
apparently ventricular origin (Fig. 3b). In 
none of these animals was there noted any 
other sign of impaired health. 

.4ny bodily activity is marked by large, 
irregular oscillations of the crystograph pen 
and so is easily distinguished on the tracing. 
In general, the heart rate varies with the 
degree and violence of movement (Fig. 3c). 

However, it soon became clear that phys- 
ical activity is not the only factor causing 
variations in heart rate, nor is it the most 
important factor. In a large proportion of 
subjects, neither the “basal” rate of an in- 
dividual tracing nor the rates obtained on 
different days jibe as completely as one might 
predict with the state of rest or activity 
(Fig. 4b), Since a spontaneous quickening 
of the pulse often precedes a movement and 
since, in other instances, activity is neither 
accompanied nor followed by cardio-accelera- 
tion (Fig. 4a), it seems that greater variance 
is induced by the state of the emotions than 
by that of the musculature. The relative 
importance of this factor is further stressed 
by the uniform finding that increases in 
heart rate with body movement are of great 
degree only during the early phases of the 
training period. 

Temperature changes likewise exercise an 
important influence on the heart rate. Much 
of this study was carried out in a constant 
temperature room at the University of Chi- 
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cago, and occasionally in wintertime, during 
a severe cold wave, the room temperature 
declined by several degrees. All heart rates 
taken during such periods were greatly ele- 
vated, even in rats which were resting quiet- 
ly (Fig. 4c). In the investigation for which 
these heart rate studies were made,*” one 
highly effective method used to accelerate 
the heart was chilling of the animal by 
depilation. 

From these evidences it seems clear that 
dependable normal pulse rate determinations 
can be made in the unanesthetized rat, pro- 
viding the extreme excitability of the ani- 
mal and the great variability with tempera- 

10 Moses, L. E., Avi* J. Physiol., 1944, 142, 686. 


ture changes are recognized and steps taken 
accordingly. Early indications of studies in 
progress are that the training period may 
be cut to a week or two by the use of roomier 
cages than were formerly deemed necessary. 

Summary. 1. A method is presented for 
accurate determination of the normal, con- 
scious, resting heart rate in the albino rat. 

2. The average value obtained on 113 adult 
males of 200-370 g body weight was 4.4± 
0.30 beats per second, or 264±18 per minute. 

3. Emotional states were found to cause 
greater variation in heart rate than muscular 
activity. 4. Alterations in environniental 
temperature proved to exert a decided influ- 
ence on the rat heart rate. 
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Effect of Alloxan upon External Secretion of the Pancreas. 
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The report of Goldner and Gomori* that 
in dogs made “diabetic” by alloxan injection 
the intralobular duct cells of the pancreas 
showed vacuolization suggested to us the 
possibility that this might serve as a means 
of investigating whether these duct cells per- 
form a secretory function. 

Methods and Restdts. A standard prep- 
aration of secretin concentrate designated 
Sr was used in these experiments. It is 
known to contain both secretin and pan- 
creozymin. The particular lot of material 
used for these experiments was tested on 
2 normal dogs and the threshold dose® was 
found to be 0.3 and 0.5 mg respectively 
indicating that the material had standard 


potency. 


In 4 dogs rendered “diabetic” 


r^esent address: University of Illinois College 
»cr? ? g! and Gomori, G., Endocrin., 
^^^fer^ngard, H., and Ivj', A. C., Am. J. Physwl., 
Kloster, G., Drervycr, G._E., and 

uSil C.,in..XPl:i;-M9BO,Oo,3o. 


for 18 to 30 days by the intravenous injec- 
tion of 75 mg of alloxan per kg of body 
weight, the threshold dose of this same lot 
of secretin concentrate was found to be 
2, 4, 5 and 10 mg. The “diabetic state” 
was attested by the strongly positive sugar 
reaction of the urine accompanied by' moder- 
ate decline in body weight. 

Two dogs which were similarly treated 
with alloxan but failed to become “diabetic” 
showed a threshold of 0.4 and 0.8 mg secretin 
concentrate, respectively. In the 2 normal 
dogs mentioned above, which were used to 
establish the potency of the secretin prep- 
aration, the injection of alloxan in a dose 
of 75 mg per kg of body weight after the 
threshold response had been determined did 
not significantly alter their response to a 
subsequently administered threshold dose of 
secretin concentrate within 3 hours. 

Amylase determinations by the method of 
Schmidt* were performed on all samples of 


-1 Schmidt, C. R., Grccngard, H., .md Ivy, A. C.. 
N»i. J. Digest. Di.<!., 1934, 1, G18. ' 
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cago, and occasionally in wintertime, during 
a severe cold wave, the room temperature 
declined by several degrees. All heart rates 
taken during such periods were greatly ele- 
vated, even in rats which were resting quiet- 
ly (Fig. 4c). In the investigation for which 
these heart rate studies were made,^® one 
highly effective method used to accelerate 
the heart was chilling of the animal by 
depilation. 

From these evidences it seems clear that 
dependable normal pulse rate determinations 
can be made in the unanesthetized rat, pro- 
viding the extreme excitability of the ani- 
mal and the great variability with tempera- 

Wiloses, L. E., Jill. J. Physiol, 1944, 142, G86. 


ture changes are recognized and steps taken 
accordingly. Early indications of studies in 
progress are that the training period may 
be cut to a week or two by the use of roomier 
cages than were formerly deemed necessary. 

Summary. 1. A method is presented for 
accurate determination of the normal, con- 
scious, resting heart rate in the albino rat. 

2. The average value obtained on 113 adult 
males of 200-370 g body weight was 4.4±' 
0.30 beats per second, or 264±:18 per minute. 

3. Emotional states were found to cause 
greater variation in heart rate than muscular 
activity. 4. Alterations in environmental 
temperature proved to e.xert a decided influ- 
ence on the rat heart rate. 
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The report of Goldner and Gomori' that 
in dogs made “diabetic” by alloxan injection 
the intralobular duct cells of the pancreas 
showed vacuolization suggested to us the 
possibility that this might serve as a means 
of investigating whether these duct cells per- 
form a secretory function. 

Methods end Results. A standard prep- 
aration of secretin concentrate designated 
Sr was used in these experiments. It is 
known to contain both secretin and pan- 
creozymin. The particular lot of material 
used for these e.xperiments was tested on 
2 normal dogs and the threshold dose® was 
Lnd to be 0.3 and 0.5 mg respectively 
indicating that the material had sUndard 
potency. In 4 dogs ren dered diab etic 

College 

Kloster, G., Drewyer, and 


for 18 to 30 days by the intravenous injec- 
tion of 75 mg of allo.van per kg of body 
weight, the threshold dose of this same lot 
of secretin concentrate was found to be 
2, 4, 5 and 10 mg. The “diabetic state” 
was attested by the strongly positive sugar 
reaction of the urine accompanied by moder- 
ate decline in body weight. 

Two dogs which were similarly treated 
with alloxan but failed to become “diabetic” 
showed a threshold of 0.4 and 0.8 mg secretin 
concentrate, respectively. In the 2 normal 
dogs mentioned above, which were used to 
establish the potency of the secretin prep- 
aration, the injection of alloxan in a dose 
of 75 mg per kg of body weight after the 
threshold response had been determined did 
not significantly alter their response to a 
subsequently administered threshold dose of 
secretin concentrate within 3 hours. 

.Amylase determinations bv the method of 
Schmidt^ were performed on all samples of 


■» Si-Umult, C. R., Greeiigavd, H., and Ivy, A. C., 
ilni. J. Digest. Dis., 1034, 1, 618. 



Alloxan and External Pancreatic Secretion 


63 


TABLE I. 

-Secretin Threshold Dose and Amyiase Concentration of Pancreatic Juice in Control Dogs and 
Dogs Treated ■with Alloxan. 


Dog No. 

Alloxan 

(mgAg) 

Days after 
alloxan. 

Urine 

sugar 

Amylase 
(mg glucose/ce) 

Threshold dose 
of secretin (mg) 

1 

TXOTie 



0 

1460 

0.3 

O 

)f 

— 

0 

1280 

0,5 

3 

75 

18 

+ 4 - 

1760 

2.0 

4 

73 

24 

-1-1- 

1120 

10.0 

5 

75 

28 

-l''f' + 

1690 

5.0 

6 

75 

30 

+4- 

1430 

4.0 

7 

75 

22 

0 

1260 

0.4 

S 

75 

30 

0 

1740 

0.8 


pancreatic juice but revealed no remarkable 
differences between the juice obtained from 
alloxan-treated animals and that of normal 
dogs (Table I) . In one animal with alloxan- 
induced diabetes in which the pancreas was 
examined histologically, the vacuolization of 
the intralobular ducts described by Goldner 
and Gomori^ was found; the acinar cells 
were normal. 

Discussion. The finding of decreased re- 
sponsiveness to secretin accompanied by 
histological evidence of damage to the duct 
epithelium' suggests but does not prove that 
the small duct cells participate in the forma- 
tion of pancreatic juice. It is generally 
taught that the entire pancreatic juice is 
produced by the acinar cells; no secretory 
function is ascribed to the duct cells. In 
the salivary glands the duct cells are be- 
lieved to contribute most of the liquid por- 
tion of the saliva.® 

Two separate hormones, namely secretin 
and pancreozymin, control the secretory ac- 
tivity of the pancreas. The type of activity 
engendered by each hormone (water and 
bicarbonate secretion in the case of secretin; 
enzyme secretion in the case of pancreo- 
zymin) can vary independently. These facts 
are compatible with the concept that each 
hormone acts predominantly upon a differ- 
ent cell tj^ie in the pancreas, the secretin 
upon the intralobular duct cells and the 
pancreozymin upon the acinar cells. 

•" Babkin. B. P.. ^^ccrvtury Mechanism of the 
Viijestiee G/iiin/x, P. B. HofbtT. Now York, lU-34. 


A similar situation obtains in the gastric 
glands where the parietal cells produce hy- 
drochloric acid and most of the water of 
the gastric juice while the granulated body 
chief cells provide the pepsin. The analogy 
between the gastric and pancreatic glands 
can be extended to include a functional paral- 
lelism, to-wit, the relationship between the 
rate of secretion of the juice and the con- 
centration of the acidic or basic constituent 
respectively. In the stomach as the rate of 
secretion increases the concentration of hy- 
drochloric acid • increases and approaches a 
limiting value, namely the concentration of 
acid in the pure parietal secretion.® Similar- 
ly, as the rate of pancreatic secretion in- 
creases the bicarbonate concentration in- 
creases and approaches a limiting value, 
which, as in the case of the acid of the 
stomach, is approximately equal to the 
osmolar concentration of blood plasma.' 

This concept of participation in elabora- 
tion of secretion by the small duct epithelial 
cells is offered as an hypothesis; much more 
evidence is required to establish or disprove 
its validity. 

(Scanlon, Catchpole and Gersh® have also 
found a decreased responsiveness to secre- 
tin in allo.xan diabetic dogs). 

"KJray, .J. S., (iiistroeiilcroJogy, 194."), 1, SOO. 

r Hurt, W. M,. .iiid Tlioiiias, J. E., Ga.'.tro- 
) Htrrolo!i;i, 194.'j, 4, 409. 
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Exposure of Guinea Pigs to Intermittent Hi<«h Oxviten T^noJ i r 
Failure to Depress ErythropoieS" 

WiLLiA^r S. Donneli, Arthur V. Jensen and Howard L Alt 

the Instuutc of Mogy and VepaHmont of ^caicine, MocMcn. University 
ilethcal iscUool, Chicago, 111. ■' 


In recent years the theory has been ad- 
vanced that the rate of erythropoiesis is 
regulated by the oxygen tension in the bone 
, marrow. It is well known that e.vposure to 
low oxygen tension over a sufficient period 
of time will produce a marked degree of 
polycythemia. However, there appears to be 
little unanimity of opinion among investi- 
gators about the effects of high o.xygen ten- 
sions in man and animals. 


Barach and Mc.'VIpin^ found no signifi- 
cant alterations in the erythrocyte counts of 
patients with polycythemia vera following 
continuous e.xposure to 50% o.xygen for IS 
to 17_^days. Reinhard, Moore, Duback and 
Wade- found that subjecting patients with 
sickle cell anemia to a continuous supply of 
70-100% o.xygen for 8 to 20 days caused a 
significant decrease in reticulocytes and 
erythrocytes. CampbelP exposed mice, 
rats, guinea pigs, rabbits, monkeys, and cats 
continuously to 40-60% o.xygen for 18 to 57 
days at normal barometric pressure. In all 
but the cats he observed a decrease in the 
number of erythrocytes. In 2 guinea pigs 
exposed for 57 days there was an average 
decrease of 35% in the number of erythrocytes 
and 22% in the amount of hemoglobin. The 
reports of other investigators who have 
worked on this problem (Karsnerp Archard, 
Binet and Le Blanc Binet, Bochet and 

* Aided by .a grant from tiie Nation.-il Pounda- 
tion for Infantile P.nralysis, Inc. 

iBiiiacli, A, L., .ind JIcAlpin, K. E., Am. J. 
.Val. Sc., 1933, 183, ITS. 

• a Beinli.-ird, E. H., Jloore, C. V., Duback, K., and 
Wade, L. J., /. Clin. Invest, 1914, 23, 682. 

'i Campbell, J- A., J. Physiol,, 1927, 63, 325. 

■1 Karsner, H. T., d. Pxiy. Med., 1910, 23, 149. 
r> Aclmrd, G., Binet, B., and LeBlnnc, A., G. S. 
Acad. d. Sc., 1927, 184, 771. 1 


- Bryskier; and Davis") are unconvincing. 

IS Ihe purpose of the present investigation 
le was to determine whether prolonged inter- 
to mittent exposure of guinea pigs to high o.xy- 
>d gen tension would cause a depression of 
If erythropoiesis. Two of us® have previously 
le shown that intermittent e.vposure to low o.xy- 
I- gen tension produces a marked stimulation 
I- of erythropoiesis. 

Materials and Methods. Fourteen young 
. adult male guinea pigs weighing 300 to 400 g 
f iJie first e.xperiment. Four 

y animals served as controls and the remaining 
; 10 were e.xposed to 80-100% o.xygen at nor- 

i pressure 6 hours a day 6 days a week 
I ^ weeks. For the administration of high 
r concentrations of o.xygen, a gas-tight cylin- 
drical tank of approximately 16 cu. ft. ca- 
pacity was used. The tank was just large 
enough to contain a cage equipped with food 
and water for the experimental animals. It 
had 2 gla« windows through which the ani- 
observed during the e.vposure, 
nd was equipped with trays of soda lime to 
tpmnp dioxide, A constant internal 

tion rnaintained by the circula- 

Comm tJirough a system of coils. 

fhe ilow flow to the tank, and 

tion valve"'^''^^" ? pressure reduc- 

pressure a uppAI up a positive 

the wall of th f connected directly to 

from the ovv!»p opposite end 

rom the oxygen inflow valve was used a? a 
constant bleeder. Carefni J’ ! “^ed as a 

valve served to balanrp b 

going air with th ■ amount of out- 

^g_^r w^th the incoming o.vygen. During 

« Binet. L., Bocliet. Jf T.jTnr'",'; 

Phy.siot. ct dr Path. Ge„.’ ^ - -f.’ 

r Davis, .T. it, r p, '^‘>»24. 

1943, 7», 37. ’ Pherap., 

s Jpiiseu, A. V., .and .V]t jr ^ p 
Dior,. .i.vD ilEi)., 1945, CO,’384.^ ’ 
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exposure, oxygen flowed into the tank at a 
rate of approximately 4.4 liters per minute. 

After the experimental animals were sealed 
in the tank at the beginning of a daily ex- 
posure, the tank was flushed out with pure 
o.xygen for 10 to IS minutes, care being 
taken not to raise the tank pressure more 
than 10 mm Hg pressure over normal. The 
process of flushing required about 900 liters 
of o.xygen. After flushing the o.xygen con- 
centration was determined. This initial con- 
centration varied between 80 and 95^ o.xy- 
gen for all e.xposures. At the end of the 
6-hour exposure period another oxygen con- 
centration determination was made. This 
terminal concentration varied from 87 to 
100% for all exposures. The average con- 
centration of oxygen to which the animals 
were exposed was therefore about 92% which 
provided a partial pressure of oxygen of 
699 mm Hg (4.4 times the normal). All 
oxygen concentration determinations were 
made by means of the Analox instrument.! 
Periodic observations of the experimental 
animals were made during exposures and at 
interval periods in an attempt to detect any 
abnormalities of behavior. The animals were 
weighed twice a week. 

Blood studies were made on the experi- 
mental animals at the end of 183 hours ex- 
posure (covering 36 days) and at 287 hours 
(covering 57 days). The controls were 
studied at the same intervals. The animals 
were anesthetized with nembutal, and blood 
was drawn from the femoral artery 16 to 18 
hours after periods of exposure to high oxy- 
gen tension. Erythrocyte counts were made 
with pipettes and hemocytometer chambers 
certified by the U. S, Bureau of Standards. 
The amount of hemoglobin was determined 
by the Duffie method® with an instrument 
calibrated by the o.xygen capacity technic. 

The second e.xperiment was similar to the 
first e.xcept that the increase in partial pres- 
sure of oxygen was obtained principally by 
raising the barometric pressure in the tank. 
Six guinea pigs were subjected to 60 to 70% 
o.xygen at 2 atmospheres pressure, which 

t lustrumoiit jiroiliieed liy O-xygL’n Equipment 
ami Service Co., Chicago, 111. 

:> Dullie, 1). II.. J . .1. .11. UHi , V 2 ( S , 9.j. 


provided a partial pressure of o.xygen of 
998 mm Hg (6.3 times the normal). This 
was accomplished by first reducing the at- 
mospheric pressure in the exposure chamber 
slowly to 400 mm Hg pressure below normal 
by means of an evacuation pump, and then 
gradually building up the pressure in the 
chamber with pure o.xygen to one atmosphere 
over normal, and maintaining it there in the 
same manner as in the first e.xperiment. The 
animals w^ere e.xposed 6 hours a day 6 days 
a week, and received 17 exposures over a 
period of 20 days with a total e.xposure time 
of 106 hours. The number of erythrocytes 
and amount of hemoglobin were then de- 
termined. 

Results. In the first e.xperiment there was 
no significant change in the erythrocyte 
count and hemoglobin concentration after 
e.xposure to 80-100% oxygen at 1 atmos- 
phere pressure. .At the end of 183 hours of 
intermittent e.xposure covering a period of 
36 days, the experimental animals showed a 
mean erythrocyte count of 5.29 (±.625) 
million per cu mm and a mean hemoglobin 
value of 12.9 (±.908) g per 100 cc. The 
control animals had a mean erythrocyte 
count of 5.11 (±.294) million per cu mm 
and a mean hemoglobin of 13.22 (±.511) 
g per 100 cc. The experiment continued 
with 9 e-xperimental animals, one having died 
during the process of blood extraction pre- 
sumably from an overdose of anesthetic. 
Blood was again taken from the animals at 
the end of 287 hours of intermittent e.x- 
posure covering 57 days. The experimental 
animals then had a mean erythrocyte count 
of 5.22 (±.547) million per cu mm and a 
mean hemoglobin of 13.11 (±1.29) g per 
100 cc. The controls had a mean erythrocyte 
count of 5.22 (±.646) million per cu mm 
and a mean hemoglobin value of 13.35 
(±.983) g per 100 cc. 

In the second experiment we also observed 
no change in erythropoiesis. .After 106 hours 
of intermittent e.xposure to 50-60% oxygen 
tension at 2 atmospheres pressure the mean 
erythrocyte count for 6 animals was 4.81 
(±.527) million per cu mm and the mean 
value for the amount of hemoglobin was 13.1 
(±.538) g per 100 cc. 
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During both experiments the guinea pigs 
exhibited no adverse symptoms. They all 
ate readily, gained weight, and were nor- 
mally active while in the tank and when they 
were put back into the storage cage with 
their controls during the interval period. No 
differences between the normal and the e.x- 
perimental animals could be observed. 

Comment. Using the intermittent ex- 
posure method, it is apparent that high oxy- 
gen tension does not cause a depression of 
erythropoiesis in guinea pigs in contradis- 
tinction to the marked stimulation of ery- 
thropoiesis produced by low oxygen tension. 
AVith the continuous exposure method Camp- 
bell^ observed significant reductions in the 
erythrocyte count and hemoglobin values in 
various species of animals. Because of the 
importance of this observation we e.xposed 
6 guinea pigs continuously to 50-60% o.xy- 
gen. Three animals died of pneumonia dur- 
ing the experiment. After 30 days, the re- 
maining 3 animals had an average decrease 
of 21% in the erythrocytes and 13% in the 
amount of hemoglobin. AVhereas these 
changes are not as great as those reported by 


Campbell, they further suggest that long con- 
tinued e.xposure to o.xygen may depress 
erythropoiesis in a normal animal. 

The interesting e.xperiment of Reinhard* 
et al. shows conclusively that erythropoiesis 
is depressed in patients with sickle ceil ane- 
mia e.vposed to high o.xygen tension. .As 
such an effect was not obtained in patients 
with polycythemia vera (Barach and Nc- 
Alpin)^ it might be inferred that the hemo- 
poietic equilibrium in sickle cell anemia is 
especially sensitive to increased oxygen pres- 
sures. The effect of prolonged high o.xygen 
tension on the rate of erythropoiesis in ani- 
mals and normal human beings warrants 
further investigation. 

Summary. Guinea pigs were intermittent- 
ly exposed to 80-100% o.xygen at atmos- 
pheric pressure for 57 days, and to 60-70% 
o.xygen at 2 atmospheres pressure for 20 
days. The periods of e.xposure covered 6 
hours a day 6 days a week. There was no 
significant diminution in the erythrocyte 
counts and hemoglobin values in any of these 
animals. 
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The Effect of Lithospermum on the Mouse Estrous Cycle.* 

Marion L. Brasher and Paul A. Zahl. 

From the MasTcins Laboratories, Xew Tork City. 


Introduction. Based on a report’ that cer- 
tain American Indians have employed the 

* TIio work reported to tlds paper is 3 portion 
of that being carried on under a grant from the 
National Advisory Cancer Council. Thanks are 
hereby e.xtended to Dr. H. B. Andervont of the 
National Cancer Institute for having supplied us 
;ith C,a stock, and to Dr. S. H Hutner of the 
S, skin's Laboratories for m.my helpful sugges- 
tions relating to the problem under study. 

1 Train, P-, Hendricks, J. B., and Archer, W. A., 

Jli no 6VS o( naats b,j Mian Tr^es of 
Jfcdie uwi D,„s,on 

Exploration and Introduction Bnremi of 

ington, D.O., WU- 


ingestion of the herb Lithospermum ruderale 
as a conception preventative, Cranston- per- 
formed a series of experiments on mice and 
found that a fluid extract of Lithospermum 
when nii.xed with normal diet would rapidly 
induce a suppression of the estrous cycles 
as well as a lowered birth incidence in breed- 
ing females. From inferential evidence 
Cranston concluded that the active factor in 
the herb operates directly on the pituitary 
gland, suppressing the formation or release 
of gonadotropic hormone. 

Since this type of “anti-hormonal” action 

2 Cranston, E. it., ,7. Pharm. aud Exp. Thcrap., 
191 -). 83 , 130 . 
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is pharmacologically unique, work was under- 
taken (1) to confirm the effect of the drug 
on the estrous cycles of at least 2 unrelated 
strains of mice, and (2) to determine the 
effect of the drug on the incidence and de- 
velopment of mammary tumors, the appear- 
ance of which, in high tumor strains, is 
known to implicate the pituitary-ovarian 
endocrine system. 

The latter study is still in progress. The 
former constitutes the subject of this note. 

Experimental. Data were collected on 2 
strains of mice; C,-?H high mammary tumor 
females bred in this laboratory from stock 
obtained originally from the National Can- 
cer Institute, and a heterozygous line of low- 
mammary-tumor albino mice. 

Powdered Lithospermum from the whole 
plant, collected and dried in Montana, was 
fed in pellet form at a 15% level, the re- 
maining 85% consisting of powdered Rock- 
land Mouse Diet. The 15% level was chosen 
by extrapolation from a curve based on 
toxicity tests with groups of Rockland mice 
receiving 5%, 10%, 20%, 30% and 40% 
Lithospermum for a period of one month dur- 
ing which time a careful weight record was 
kept. The 15% level was the maximum 
dosage not affecting the weight of the fed 
animals. 

Vaginal smears were made by the lavage 
method, with the use of distilled water and 
a fine pipette. The smears were dried under 
heat and stained with aqueous methylene 
blue. Differential counts were made under 
high dry magnification and approximately 
5 fields were counted for each determination. 

Twenty-four C;iH females 6-8 months of 
age were placed on the experimental diet 
and vaginal smears were taken daily for one 
month, after which smears were made week- 
ly. Smears of 5 normal-diet females served 
as control. The animals were maintained 
on the diet for 3-5 months, during which 
lime estrus occurred only rarely and in only 
a few of the mice. Generally speaking, the 
response in the C;iH strain to Lithospermum 
was immediate and persistent, in contrast to 
a type of refractoriness to the drug developed 
by some of the Rockland mice, described 
below. 


Twenty Rockland females 2 months old 
were put on the 15% Lithospermum diet, 
with 10 females on normal diet serving as 
controls. Vaginal smears on the Rockland 
mice were taken daily for a period of 3 
months. These smears were read differential- 
ly for percentage of cornified cells, nucleated 
epithelial cells and leucocytes. Four typical 
graphs of cornified cell levels are shown in 
Fig. 1. In contrast to the uniform response 
of the C3H strain, the Rockland mice showed 
a great degree of individual variation, rang- 
ing from complete absence of response to 
full and continuous response. About 20% 
of the animals are in the former category, 
and 15% in the latter. The majority of the 
animals, however, (65%) went into an initial 
anestrus but came into estrus at about 30-day 
intervals with prolonged periods of anestrus 
between. Some of the mice at the end of 
several months developed a complete re- 
fractoriness to the drug, apparently recover- 
ing their normal cycles, though still on the 
Lithospermum diet, indicating either the de- 
velopment of an antagonist to the drug or 
an elevation of the organism’s response 
threshold. Some evidence for the develop- 
ment of such a refractory state can be seen 
in 2 of Cranston’s animals." 

Weights were taken on the Rockland ani- 
mals at the conclusion of the experimental 
feeding. The control animals averaged 36.6 
g and the Lithospermum-ied animals aver- 
aged 37.1 and 36.1 g, with no evidence of 
abnormal scatter. Cranston, using younger 
mice in experiments which involved adminis- 
tration of Lithospermum at rather higher 
dosage levels than employed by us, observed 
initial weight losses from which, however, 
the mice recovered while still on the diet. 

The ovaries and uteri of females in Litho- 
spermum anestrus showed marked atrophy, 
being about one-fourth normal size, with 
ovaries, especially in the C3H strain, con- 
taining largely atretic follicles. Animals, 
however, which after long periods of anestrus 
became refractory to the drug and again de- 
veloped estrus, had smaller than normal 
ovaries which, nevertheless, contained what 
appeared to be functional follicles. 

Discussion. That a factor in Lithospermum 
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induces a suppression of estrous cycles fn 
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It IS well known that a similar suppression 
of estrous cycles may result from a number of 
conditions, such as, inanition, deUdencv of 
almost any of the vitamins, the action of in- 
jected “anti-hormone" substances, injected 
estrogens, androgens, progesterone, etc. It 
is doubtful, however, that Litkospemum op- 
erates through any of these media. Genera] 
inanition may more or less be ruled out be- 
cause of the fact that the Lithospermum ef- 
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ing a Vitamin B deficient diet. This 
anestrous condition yielded to implants of nor- 
mal pituitary tissue, indicating that such a 
deficiency results in decreased gonadotropic 
potency of the pituitary. The exact mecha- 
nism by which vitamin E deficiency produces 
sterility is still subject to controversy; how- 
ever, there is no doubt but that its effects 
are irreversible. The fact that a refractori- 
ness to LHhospermiim may develop in mice 
would seem to negate any hypothesis pro- 
posing that Lithospermum activity is de- 
pendent upon the induction of a deficiency 
of vitamins B and/or E. 

The effect of estrogens and androgens in 
interfering with gonadotropic action cannot 
be considered to be similar to the Litho- 
spermum effect because the latter is entirely 
free of estrogenic or androgenic potency. 

That the mechanism of Lithospermum ac- 
tivity involves the thyroid has been doubted 
by Cranston- who found no significant change 
in the weights of the thyroid glands or in 
basal metabolic rate after Lithospermum 
treatment. This view has been confirmed 
by us through histological examination of 
the thyroids of normal Rockland mice and 
those of mice on a ration of 30% Lithosper- 
mum for a period of 5 months. In both cases 
the alveolar epithelium was low to cuboidal 
with a normal amount of colloid storage, 
the e.xperimental animals showing a slightly 
greater amount of interstitial tissue. The 
question may be raised as to whether such 
a histological picture might be e.xpected if 
Lithospermum acts in the manner of some 
of the goiterogens of plant origin, specifically 
the seeds of the Brassica genus. Griesbach® 
has shown that a brassica seed diet induces 
hyperplasia of the thyroid follicles accom- 
panied by typical goiterogenic changes in 
pituitary histology, e.g., increase in the num- 
ber of basophils with hyalinization and 
vacuolization, and a decrease in the number 
of acidophils, .^fter 56 days, however, this 
effect becomes less pronounced at which time 
colloid is again stored in the thyroid follicles. 
This might indicate the appearance of a 

•" Ciriosbacli, W. E., Brit. J. Exp. Path., 1943, 
‘22, 245. 


refractoriness to the brassica seed diet similar 
to the refractoriness developed to Litho- 
spermum. Since the histological material ex- 
amined by us was taken at a time when 
refractoriness had undoubtedl}’^ developed, it 
is impossible to state with certainty that 
the thyroid is not involved. However, the 
bulk of the evidence would seem to point 
against its primary involvement. 

Cranston- by indirect experimental pro- 
cedures has quite convincingly ruled out 
specific action of Lithospermum on the other 
endocrine glands e.xcept the pituitary, con- 
cluding that the action is directly on this 
gland, which in her e.xperiments underwent 
marked weight loss during Lithospermum 
feeding and the resulting anestrus. 

The fact that some mice, especially of the 
Rockland strain, develop a refractoriness to 
the herb action suggests either that the active 
factor is antigenic and that the organism 
builds up a protective antibody mechanism, 
or that the pituitary (if it, in fact, be the 
tissue affected) builds up a rising threshold 
of reactivity. That the refractoriness, how- 
ever, may come and go in an almost cyclic 
manner (Fig. 1 ) suggests the existence of 
an obscure mechanism which with the data 
at present available cannot be illuminated. 

The assumption that the lithospermum 
action is via the pituitary gland is the basis 
for the further study now in progress of the 
effect of the drug on mammary tumor de- 
velopment. It is established that in high 
mammary tumor strains ovarian hormone 
activity is essential to the development of 
tumors. The milk factor apparently cannot 
operate without an adequate hormonal sub- 
strate. In suppressing the ovarian endocrine 
tissues by negating the pituitary gonado- 
tropins, one might e.xpect to break a link 
in the chain leading to mammary tumor de- 
velopment. Experiments are now in progress 
to determine whether such a rationalization 
is valid. 

Summary. Female mice of C 3 H strain 
when fed on a diet of 15% Lithospermum 
ruderale go into an immediate and persistent 
anestrus. Female mice of Rockland strain 
fed similarly also go into anestrus which. 
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induces a suppression of estrous cycles in 
mice is confirmed. It is of interest to in- 
quire into the nature of the mechanism of 


this action. 

It is well known that a similar suppression 

of estrous cycles may result from a number of 

conditions, such as, inanition, deficiency of 

almost any of the vitamins, the action of m- 
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fect can be achieved at dosages which do 
not affect body weight or general metabolic 
activity." That a vitamin deficiency is in- 
volved is also doubtful. Vitamin A defi- 
ciency prevents the appearance of normal 
estrus and the condition is characterized by 
a persistent cornification of the vagina,® a 
symptom not present in animals in Litho- 
spermim anestrus. Evans and Simpson* have 
produced permanent anestrus in rats by feed- 

3 Evans, H. H., .ind BisTiop, K. S., J. iMab. 

1922, 1, 335. 

■1 Evans. H. M., and Simpson, M. E., Anat. Kcc., 
1930, 45, 213. 
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ing a Vitamin B deficient diet. This 
anestrous condition yielded to implants of nor- 
mal pituitary tissue, indicating that such a 
deficiency results in decreased gonadotropic 
potency of the pituitary. The exact mecha- 
nism by which vitamin E deficiency produces 
sterility is still subject to controversy; how- 
ever, there is no doubt but that its effects 
are irreversible. The fact that a refractori- 
ness to Lithospermum may develop in mice 
would seem to negate any hypothesis pro- 
posing that Lithospermum activity is de- 
pendent upon the induction of a deficiency 
of vitamins B and/or E. 

The effect of estrogens and androgens in 
interfering with gonadotropic action cannot 
be considered to be similar to the Litho- 
spermum effect because the latter is entirely 
free of estrogenic or androgenic potency. 

That the mechanism of Lithospermum ac- 
tivity involves the thyroid has been doubted 
by Cranston- who found no significant change 
in the weights of the thyroid glands or in 
basal metabolic rate after Lithospermum 
treatment. This view has been confirmed 
by us through histological e.vamination of 
the thyroids of normal Rockland mice and 
those of mice on a ration of 30% Lithosper- 
mum for a period of 5 months. In both cases 
the alveolar epithelium was low to cuboidal 
with a normal amount of colloid storage, 
the experimental animals showing a slightly 
greater amount of interstitial tissue. The 
question may be raised as to whether such 
a histological picture might be expected if 
Lithospermum acts in the manner of some 
of the goiterogens of plant origin, specifically 
the seeds of the Brassica genus. Griesbach^ 
has shown that a brassica seed diet induces 
hyperplasia of the thyroid follicles accom- 
panied by typical goiterogenic changes in 
pituitary histology, c.g., increase in the num- 
ber of basophils with hyalinization and 
vacuolization, and a decrease in the number 
of acidophils. After 56 days, however, this 
effect becomes less pronounced at which time 
colloid is again stored in the thyroid follicles. 
This might indicate the appearance of a 

(.irichbai'Ii, W. E., Srit. J. Exp. Path., 1943, 
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refractoriness to the brassica seed diet similar 
to the refractoriness developed to Litho- 
spermum. Since the histological material ex- 
amined by us was taken at a time when 
refractoriness had undoubtedly developed, it 
is impossible to state with certainty that 
the thyroid is not involved. However, the 
bulk of the evidence would seem to point 
against its primary involvement. 

Cranston- by indirect experimental pro- 
cedures has quite convincingly ruled out 
specific action of Lithospermum on the other 
endocrine glands except the pituitary, con- 
cluding that the action is directly on this 
gland, which in her e.xperiments undenvent 
marked weight loss during Lithospermum 
feeding and the resulting anestrus. 

The fact that some mice, especially of the 
Rockland strain, develop a refractoriness to 
the herb action suggests either that the active 
factor is antigenic and that the organism 
builds up a protective antibody mechanism, 
or that the pituitary (if it, in fact, be the 
tissue affected) builds up a rising threshold 
of reactivity. That the refractoriness, how- 
ever, may come and go in an almost cyclic 
manner (Fig. 1) suggests the e.xistence of 
an obscure mechanism which with the data 
at present available cannot be illuminated. 

The assumption that the Lithospermum 
action is via the pituitary gland is the basis 
for the further study now in progress of the 
effect of the drug on mammary tumor de- 
velopment. It is established that in high 
mammary tumor strains ovarian hormone 
activity is essential to the development of 
tumors. The milk factor apparently cannot 
operate without an adequate hormonal sub- 
strate. In suppressing the ovarian endocrine 
tissues by negating the pituitary gonado- 
tropins, one might e.xpect to break a link 
in the chain leading to mammary tumor de- 
velopment. Experiments are now in progress 
to determine w’hether such a rationalization 
is valid. 

Summary. Female mice of C^H strain 
when fed on a diet of 15% Lithospermum 
ruderale go into an immediate and persistent 
anestrus. Female mice of Rockland strain 
fed similarly also go into anestrus which. 
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however, may be followed by varying degrees 
of developed refractoriness to the drug, as 
evidenced in some mice by a reappearance 
of normal estrous cycles. The anestrous con- 


dition in both strains is accompanied by 
atrophy of the ovaries and uteri, and atresia 
of the follicles. Possible modes of action of 
the Lithospermum are discussed. 
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Anesthesia, XXL Anesthesia and the Steroid Hormones.* 
deCamp B. Parson, C. Jeleeff Carr, and John C. Keantz, Jr. 


From the DepaHment of Fharmacology, School of Medicine, University of Maryland, 

Baltimore, Md. 


Selye^"^ reported that the steroid hormones 
injected into certain species of laboratory 
animab produced anesthesia. In the gen- 
eralization enunciated by Selye and referred 
to as “the fundamental law of steroid 
hormone anesthesia,” this investigator states 
that “All compounds having a steroid- 
hormone action are capable of producing 
anesthesia while no compound devoid of 
hormone action possesses this power. In- 
deed, Cashin and Moravek’ had previously 
reported that they had anesthetized cats by 
injecting cholesterol suspensions intravenous- 
ly. These experiments, in our opinion, ap- 
pear to be inimical to the validity of Selye’s 
generalization. In our studies on the effect 
of cholesterol on ether and pentothal sodium 
anesthesia, it appeared desirable to study 
further Selye’s generalizations. 

Experimental. Twenty-five rabbits re- 
ceived 2.5 cc/kg of 2% cholesterol suspen- 


• The expense of this investigation was defrayed 
in part by a. grant from the Ohio Chemical and 
M.annfacturing Company of Cleveland, Ohio. The 
hormones used in these studies were furnished by 
Parhe Davis & Co.; Merck & Co., Inc.; Abbott 
■liiboratories; Ciba Pharmaceutical Products; the 
Ciiarlca E, Prosst Co.;. and SciiieMelin & Co. 

1 Selye, H., F. Pliarm. and Exp. Therap., 1941, 

Selye, H., Paoc. Soc. Ese. Eton, -vnd Med., 

1941, 46, 116- _ 

aselve H., Fndocrinology, 1943, 30, 43r. 

1927, 83, 294. 


sion in a 25% solution of polyethylene glycol 
(Carbowax 1500) intravenously. Most of 
these animals appeared depressed. Sk of 
them became unconscious and died promptly 
of acute pulmonary edema. 

Fifteen dogs treated in a similar manner 
all manifested depression. Ten of thae ani- 
mals lost consciousness and died within S 
minutes. 


Our attention was directed nest to the 
hormonal steroids. Using the dosage sched- 
ules established by Selye we used the follow- 
ing compounds: progesterone, methyl tat- 
osterone, stigmasterol, estrone, benzestrol and 
diethylstilbestrol. Owing to the fact that in 
the “cat assay” of digitosin, this glycoside 
in toxic quantities, produces a depression of 
the animal so that the anesthetic (ether) 
may be discontinued, we also used digitosin 
series. In doses of 50 mg per rat 
weighing 92-205 g (average 158 g) not any 
of the foregoing compounds except proges- 
terone and digito.xin produced “anesthesia.” 

Twenty-six animals, 8 male and IS female, 


digitoxin recovered from the comatose state 
produced by the drug. Three of the 9 ani- 
mals receiving progesterone died. 

Neither in the animals which died of 
progesterone nor with those that recovered 
w^ there ever a period in which the animal 
did not respond promptly to pain stimuli 
(pinching taii with hemostat). This syn- 
drome cannot correctly be referred to as 
an^thesia when the sensory pathways are 
not blocked. In the rat. 6 mg/kg of 
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pentobarbital sodium intraperitoneally as 
well as 3 to 4 cc of ether by inhalation 
abolish response to these stimuli. 

Conclusion. We question the suitability of 
the word anesthesia either in its restricted 
or in its extensional meaning as applied to 
the syndrome of cholesterol depression. 
Etymologically “anesthesia” means without 


sensation, but usage confines it to a descrip- 
tion of a reversible process; unless acci- 
dentally it becomes terminal. We hold, there- 
fore, that when this syndrome of depression 
produced by these steroid compounds is de- 
scribed as anesthetic, that the use of the 
adjective lacks preciseness, and that this 
loose choice of the word is misleading. 
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Effect of Hypophysectomy During Early Proestrus on Ovulation in 

the Rat.* 


Roy Hertz! and Roland K. Meyer. 

From the Department of Zoology, University of Wisconsin. 


Long and Evans^^ have described the cyclic 
changes in the ovary of the adult rat and 
correlated them with the changes in the 
vaginal smear and, more recently, Boling 
et al.- correlated the changes in the ovary 
with estrous behavior. Smith,® Ascheim^ and 
Zondek® have demonstrated the role of the 
anterior pituitary gland in maintaining 
ovarian function. Smith® described the pro- 
found atrophy of the gonads which invariably 
follows surgical removal of the anterior 
pituitary gland of the rat. hloreover. Fee 
and Parkes" showed that hypophysectomy 
in the rabbit will prevent ovulation, if the 
pituitary is removed within an hour after 


* This work was supported by a grant from the 
tViseousin Alumni Eescarcli Foundation. 

iPresent address; National Institute of Health, 
Bc'thcsda, ifd. 

1 Long, .1. A., and Evans, H. M., Memoirs Univ. 
Calif., 1022, «, 1. 

2 Boling. .T. L., Blandau, R. J., Soderwall, A. L., 
and Young, tV, C., Anat. Dec., 1941, 70, 313. 

•T Smith, P. E., Proc. Soc. Exp. Biol, .vxd Hed., 
1920, 24, 131. 

Aseheiin, S., Z. f. Gchurtsh. u. Gyiiut., 1920, 
00, 3S7. 

Zondek. B., Z. f. Gchurtsh. u. Gynah., 1926, 
00, 372. 

a Smith, P. E., -tm. J. Anat., 1930, 43, 205. 

" Fee, .V. R.. and Parkes, A. S., J. Physiol., 
1929, 07, 3S3. 


copulation; if more than an hour intervenes 
between copulation and hypophysectomy, 
ovulation will proceed normally. Since 
ovulation in the rabbit occurs approximately 
12 hours postcoitum the data of Fee and 
Parkes suggest that the rabbit ovary has an 
intrinsic latency of about 11 hours in its 
ovulatory response to hypophyseal stimula- 
tion. 

In a spontaneously ovulating form such as 
the rat the secretion of hypophyseal gonado- 
trophin (LH) may take place over a con- 
siderable portion of the estrous cycle before 
the concentration is great enough to pro- 
duce ovulation. The present e.xperiments 
were undertaken to determine whether, with- 
in a 2-hour period after the beginning of 
proestrus, there is a sufficient quantity of 
gonadotrophin in the blood to cause ovula- 
tion within the following 46 hours. 

Materials and Methods. The regularity 
of the estrous cycles of a group of 70 young 
adult female rats of the Sprague-Dawley 
strain was determined by making daily 
vaginal smears during 2 or 3 cycles. On 
the day preceding the next calculated estrus 
the vaginal smears were made every 3 hours 
to determine more closely the onset of the 
proestrous phase. This procedure makes for 
a maximum error of 3 hours in determining 
the beginning of proestrus, .As Long and 
Evans* have shown, the beginning of 
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however, may be followed by varying degrees 
of developed refractoriness to the drug, as 
evidenced in some mice by a reappearance 
of normal estrous cycles. The anestrous con- 


dition in both strains is accompanied by 
atrophy of the ovaries and uteri, and atresia 
of the follicles. Possible modes of action of 
the Lithospermwn are discussed. 
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deCamp B. Farson, C. Jeleeff Carr, and John C. Krantz, Jr. 

From the Department of Pharmacology, School of Medicine, University of Maryland, 

Daltimore, Md, 


Selye'”* reported that the steroid hormones 
injected into certain species of laboratory 
animals produced anesthesia. In the gen- 
eralization enunciated by Selye and referred 
to as “the fundamental law of steroid 
hormone anesthesia,” this investigator states 
that “All compounds having a steroid- 
hormone action are capable of producing 
anesthesia while no compound devoid of 
hormone action possesses this power. In- 
deed, Cashin and Moravek® had previously 
reported that they had anesthetized cats by 
injecting cholesterol suspensions intravenous- 
ly. These experiments, in our opinion, ap- 
pear to be inimical to the validity of Selye’s 
generalization. In our studies on the effect 
of cholesterol on ether and pentothal sodium 
anesthesia, it appeared desirable to study 
further Selye’s generalizations. 

Experimental. Twenty-five rabbits re- 
ceived 2.S cc/kg of 2% cholesterol suspen- 


♦ The expense of this investigation w.as defrayed 
in part by a grant from the Oiiio Chemical and 
jranufacturing Company of Cleveland, Ohio. The 
hormones used in these studies were furnished by 
Parhe, Davis & Co, ; Merck & Co., Inc. ; Abbott 
Laboratories; Ciba Pharmaceutical Products; the 
diaries E. Prosst Co. ; and Scliieffelin & Co. 
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^^oSlyc, H., Proc. Soc. Exp. Bioc. and Med., 


Selye H., Endocrinology, 1942, 30, 437. 

E., and Moravek, V., Am. L Phy.. 
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sion in a 25% solution of polyethyleneglycol 
(Carbowa.x 1500) intravenously. Most of 
these animals appeared depressed. Six of 
them became unconscious and died promptly 
of acute pulmonary edema. 

Fifteen dogs treated in a similar manner 
all manifested depression. Ten of these ani- 
mals lost consciousness and died within S 
minutes. 

Our attention was directed next to the 
hormonal steroids. Using the dosage sched- 
ules established by Selye we used the follow- 
ing compounds: progesterone, methyl test- 
osterone, stigmasterol, estrone, benzestrol and 
diethylstilbestrol. Owing to the fact that in 
the “cat assay” of digitoxin, this glycoside 
in toxic quantities, produces a depression of 
the animal so that the anesthetic (ether) 
may be discontinued, we also used digitoxin 
in the series. In doses of 50 mg per rat 
weighing 92-205 g (average 158 g) not any 
of the foregoing compounds e.xcept proges- 
terone and digito.xin produced “anesthesia.” 

Twenty-six animals, 8 male and 15 female, 
were used. None of the animals receiving 
digitoxini recovered from the comatose state 
produced by the drug. Three of the 9 ani- 
mals receiving progesterone died. 

Neither in the animals which died of 
progesterone nor wifli those that recovered 
was there ever a period in which the animal 
did not respond promptly to pain stimuli 
(pinching tail with hemostat). This syn- 
drome cannot correctly be referred to as 
anesthesia when the sensory pathways are 
not blocked. In the rat, 6 mg^k<^ of 
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pentobarbital sodium intraperitoneally as 
well as 3 to 4 cc of ether by inhalation 
abolish response to these stimuli. 

Conclusion. We question the suitability of 
the word anesthesia either in its restricted 
or in its extensional meaning as applied to 
the syndrome of cholesterol depression. 
Etymologically “anesthesia” means without 


sensation, but usage confines it to a descrip- 
tion of a reversible process; unless acci- 
dentally it becomes terminal. We hold, there- 
fore, that when this syndrome of depression 
produced by these steroid compounds is de- 
scribed as anesthetic, that the use of the 
adjective lacks preciseness, and that this 
loose choice of the word is misleading. 
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Long and Evans^ have described the cyclic 
changes in the ovary of the adult rat and 
correlated them with the changes in the 
vaginal smear and, more recently, Boling 
et al.- correlated the changes in the ovary 
with estrous behavior. Smith,® .Ascheim* and 
Zondek® have demonstrated the role of the 
anterior pituitary gland in maintaining 
ovarian function. Smith® described the pro- 
found atrophy of the gonads which invariably 
follows surgical removal of the anterior 
pituitary gland of the rat. Moreover, Fee 
and Parkes* showed that hypophysectomy 
in the rabbit will prevent ovulation, if the 
pituitary is removed within an hour after 


* This work w.is supported by a grant from the 
Wiseuusin Alumni Eescarch Foundation. 

tPresent .address: National Institute of Health, 
Bethesda, ild. 
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copulation; if more than an hour intervenes 
between copulation and hj^pophysectomy, 
ovulation will proceed normally. Since 
ovulation in the rabbit occurs appro.ximately 
12 hours postcoitum the data of Fee and 
Parkes suggest that the rabbit ovary has an 
intrinsic latency of about 11 hours in its 
ovulatory response to hypophyseal stimula- 
tion. 

In a spontaneously ovulating form such as 
the rat the secretion of hypophyseal gonado- 
trophin (LH) may take place over a con- 
siderable portion of the estrous cycle before 
the concentration is great enough to pro- 
duce ovulation. The present experiments 
were undertaken to determine whether, with- 
in a 2-hour period after the beginning of 
proestrus, there is a sufficient quantity of 
gonadotrophin in the blood to cause ovula- 
tion within the following 46 hours. 

materials and Methods. The regularity 
of the estrous cycles of a group of 70 young 
adult female rats of the Sprague-Dawley 
strain was determined by making d^ily 
vaginal smears during 2 or 3 cycles. On 
the day preceding the next calculated estrus 
the vaginal smears were made every 3 hours 
to determine more closely the onset of the 
proestrous phase. This procedure makes for 
a ma-ximum error of 3 hours in determining 
the beginning of proestrus. .-As Long and 
Evans^ have shown, the beginning of 
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TABLE I. 


Animal No. 

Operation 

Ko. tubal 
ova 

No. corpora 
lutea 

No. preovulatory 
follicles 

1 

None 

4 

4 

1 

0 

J 5 

6* 

e 


6 

iS 

4 

4 

0 


> 3 

5 

5 

0 

S 

> 3 

4 

5 

0 

9 

ii 

5* 

5 

0 

2 

Sliam iiypopbysect. 

5 

0 

0 

3 

ii >) 

6 

7 

0 

4 

>> a 

4 

6 

1 

1 

Hj-popliysect. 

0 

0 

4 

O 


0 

0 

5 

3 

33 

0 

0 

0 

4 

3 3 

0 

0 

o 

5 

3 3 

0 

0 

6 

6 

3 3 

0 

0 

6 


>> 

0 

0 

3 

8 

33 

0 

0 

4 

9 

33 

0 

0 

4 


* Number of ova difficult to determine because of beginning fi-agmentatioii. 


proestrus is marked by the appearance of 
large numbers of uniform nucleated epithelial 
cells in the vaginal smear, to the exclusion 
of all other cell types. We adhered closely 
to the latter specification and did not re- 
gard as proestrous animals any individuals 
showing any degree of cornification of the 
vaginal epithelium, as determined by the 
vaginal smear method. Thus, from a. group 
of 70 animals observed over a period in- 
volving 3 to 7 cycles, 18 animals were ob- 
tained which were within 3 hours of the 
onset of proestrus at the time of selection 


for experimental use. 

Of this group of 18 early proestrous ani- 
mals, 9 were hypophysectomized by the para- 
pharyngeal approach within 2 hours of the 
dme of selection. Of the 9 remaining ani- 
mals 6 were retained as unoperated con- 
trols’ and 3 were submitted to a sham hy- 
pophysectomy which ® 

the sphenoid bone and 3 

mater All animals were autopsied 48 hours 
following the onset of proestrus. The com- 
pleteness of the hypophysectorny 
by careful — oviducts of 

‘t'^thrSdirL^n’s solution. 


from each of the operated and control ani- 
mals were stained with hematoxylin and 
eosin and prepared for microscopic study. 
The sections were examined carefully for 
the presence of incompletely formed corpora 
lutea, preovulatory type of follicles and for 
tubal ova. 

Results and Discussion. The data are sum- 
marized in Table I. The ovaries of the ani- 
mals which had been hypophysectomized in 
early proestrus all failed to ovulate, but from 
4 to 7 follicles in the preovulatory phase 
were present. 

In sham-operated and unoperated control 
animals microscopic study revealed from 4 
to 7 tubal ova, a comparable number of in- 
completely formed corpora lutea and only 
an occasional preovulatory follicle. In some 
cases it was difficult to determine the e.xact 
number of tubal ova since their beginning 
fragmentation made it difficult to make an 
accurate count. Thus, in these cases, there 
was a slight discrepancy between the number 
of tubal ova and the number of incompletely 
formed corpora lutea. 

The size of the residual cavity in the in- 
completely developed corpora of the sham- 
operated and control animals varied con- 
siderably. In some animals there was only 
a narrow rim of lutein tissue formed about 
a large follicular antrum, and in others there 
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was almost complete obliteration of the 
follicular cavity by newly formed lutein tis- 
sue. This variation in the development of 
the corpora lutea at a fixed time following 
the onset of proestrus is in keeping with the 
variation in the time of ovulation of differ- 
ent follicles within a single ovary. 

The data support the conclusion that a 
hypophyseal hormone is required for ovula- 
tion and luteinization in the rat. It seems 
clear that this hormone must be secreted 
in sufficient quantities subsequent to the 
onset of proestrus, to produce ovulation and 
luteinization in the intact rat, as hypophy- 
sectomy in the early proestrus effectively 
prevents ovulation. 

The procedure and results described in 


this paper provide the basis for further 
studies of the factors concerned with ovula- 
tion and corpus luteum formation in the 
rat. 

Summary. Hypophysectomy of adult fe- 
male rats within 2 hours after the beginning 
of proestrus prevents ovulation from oc- 
curring within a 46-hour postoperative in- 
terval. Sham hypophysectomy does not pre- 
vent ovulation as shown by, the presence of 
partially developed corpora lutea and tubal 
ova. It is concluded that a hypophyseal 
hormone (LH) is required for ovulation and 
luteinization in the rat and that the quantity 
of hormone needed to produce ovulation and 
luteinization is secreted subsequent to early 
proestrus. 
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Further Studies on Galactose Paralysis in the Rat. 
B. H. Ershoff. 

I'rom the Emory TV. Thurston Lubornlorics, Los Angeles, California. 


The occurrence of paralysis has been ob- 
served in rats fed galactose on certain puri- 
fied rations.^ The purpose of the present 
experiment was to determine the effects of 
B vitamins on the incidence and severity of 
the above condition. 

Procedure and Results. Female rats of the 
Sprague-Dawley strain were raised to ma- 
turity on a stock ration and selected for the 
present experiment at approximately 3 
months of age and an average weight of 
160 g (range 145 to 17S g). Four experi- 
mental rations were employed; diet I con- 
sisting of glucose alone; diet II of 50% 
glucose and 50% galactose; diet III of 50% 
glucose, 50% galactose and the following 
synthetic vitamins per kg of ration: thiamine 
hydrocliloride 200 mg, riboflavin 400 mg, 
pyridoxine hydrochloride 20 mg and calcium 
pantothenate 200 mg; and diet IV of 40% 
glucose, 50% galactose and 10% yeast* pro- 

lErslioff, B. II., Am. J. Physiol, lOIG, 147, 13. 

* Ili-Bibo Xo. 24, Aiiheuser-Busch, Ine., St. 
Louis. Mo. Eiu-li grum contained tlie following 
vitamin potencies according to the manufacturer: 
tliiamino. 2 mg; riboflavin, 4 mg; pyridoxine, 
100-170 .jLg; pantothenic acid, 200-230 and 
nicotinic acid, 400-300 .jg. 


viding the same amounts of the B vitamins 
as were present in diet III. Animals were 
placed in individual metal cages with raised 
screen bottoms to prevent access to feces, 
and sufficient food was administered to as- 
sure ad lib. feeding. Feeding was continued 
for 75 days or until death, whichever oc- 
curred sooner; and food and water intake 
determined daily for all rats. 

Results are summarized in Table I. All 
animals fed galactose-containing diets de- 
veloped a tjpical “galactose paralysis” con- 
sisting in early stages of an irregular and 
wobbly gait and progressing to the point 
of complete disuse of the hind limbs. One 
hundred per cent of the rats were affected, 
with severe paralysis developing in general 
by the 35th day. No significant differences 
in time of onset or severity^ of paralysis 
were observed on the various rations em- 
ployed. Subsequent to the 35th day a rapid 
improvement occurred in the paralytic con- 
dition of rats fed the yeast-containing ration 
(diet IV) ; animals regained use of their 
limbs and by' the 50th day' no evidence of 
paralysis was observed in any of the sur- 
viving rats of this group. Recovery' of para- 
lyzed rats did not occur on the other rations 
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TABLE I. 

Summary of Esperimental Data. 


Initial 


Dead 
wt of 


Group 

No. of 
animals 

body ivt 
(g) 

decedents 

(g) 

Survival 
(d.ays) * 

Diet I 

S 

159.3 

76.4 

(8) 

41.2 ± 3.6 

II 

12 

ieo.4 

71.6 

(13) 

37.9 at 4.7 

III 

6 • 

100.8 

72.2 

(0) 

4/,3 3.7 

rv 

3 

159.7 

88.2 

(3) 

07.8H-t 


A'o. of rats from 

paralyzed paralysis 
(%) (%) 


„ , 4.vg daily intake 

A 0 . of rats per rat during 1 st 
recovered mo. of exp. 


food 

(g) 


water 

(cc) 


0 

100 

100 

100 


0 

0 

87,5 


7.7 

12.8 

13.4 

15.8 


e.o 

38.5 

43.5 
59.7 


The rvalues in parentheses indicate the number 

“Including standard error of the mean calculated as follow.s: Vld^Tii / Vn rchmo “a» rn. 

deviation from the me.au .and “u” is the number of observations ^ /« / Vn wheie d is the 

."SiTvl"’ “ “• «"■ «» = »< ft- S M. i.. ffi. 


employed. All animals fed galactose-con- 
taining rations developed mature bilateral 
cataracts from the 18th to 27th day of feed- 
ing, no significant differences being noted 
in time of appearance or the subsequent con- 
dition of the cataracts on the various diets 
employed. Paralysis and cataract were not 
observed in animals fed glucose alone (diet 
I). Food and water intake as well as length 
of survival was significantly greater on diet 
IV than on other rations tested. 

Although yeast did not prevent the oc- 
currence of paralysis, rats on diets contain- 
ing this nutrient recovered rapidly from their 
paralytic condition in contrast to the con- 
tinued paralysis in animals similarly treated 
but receiving their B vitamins in synthetic 
form. These results indicate (1) that the 
paralysis was reversible and (2) that some 
factor(s) in yeast other than thiamine, ribo- 
flavin, pyrido.vine or pantothenic add was 
responsible for the above effect. 

.Although paralysis may readily be dem- 
onstrated in rats fed galactose on certain 
purified rations,^ this condition has not been 
reported for animals fed galactose on a more 
complete ration, indicating that the puri- 
fied diets employed were deficient in some 

• 2BonfcweU, E. K., Geyer, E. P., Blvebjem, C. A., 
and Hart, B. B., Arch. Biochcm., 1945, 7, 143. 

aiatcboll, H. S., Psoc. Soc. E-VP. Bjol, .vsrn 
Med,, 1935, 32, 971. 


factor necessary for the prevention of the 
paralytic condition. Attempts to prevent 
paralysis, however, with a single food sup- 
plement have been unsuccessful. Neither 
glucose, butter fat nor corn oil when fed in 
conjunction with galactose has prevented 
paralysis.^ Unpublished work from this lab- 
oratory indicates that a diet of 50% caseinf 
and 50% galactose was similarly ineffective. 
In addition neither thiamine hydrochloride, 
n ofiavin, pyrido.xine hydrochloride, calcium 
pantothenate, salt mixturef nor yeast* when 
ed with glucose and galactose was effective 
in this regard. Paralysis was readily pre- 
a diet of galactose 
•I inn 25.0%, yeast* 10.0%, corn 

ou 10.0% and salt mi.xturet 4.5% together 
with vitamins A, D and E. Male and female 
rats of the Sprague-Dawley strain have been 
mam aine in our laboratory for 9 weeks 

pv f. ^ adverse effects 

appearance of cataract. Similar 
W reported by Boutwell et al? 

Ilsn rnT ^y«‘^ietic diets 

hvdrate galactose as the sole carbo- 

ydrate. Inasmuch as paralyzed rats in the 

{Salt Mi.xture No. 1 , Sure B r w , 

1P«, ^ m. p„.„4 ^ .'t 
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present experiment recovered on diet IV in 
the absence of fat soluble vitamins, it would 
appear that these substances were not re- 
sponsible for the protective effect of the above 
diets. The data suggests, therefore, either 
that “galactose paralysis” is due to a mul- 
tiple deficiency developing when the various 
supplements were fed singly or that rations 
indicated above permitted the synthesis eith- 
er by the animal’s own tissues or its intes- 


tinal flora of substances capable of prevent- 
ing paralysis. 

Summary. Rats fed a diet consisting of 
glucose and galactose developed a severe 
flaccid paralysis of the hind limbs. Addi- 
tion of yeast or synthetic B vitamins to the 
above diet failed to prevent the appearance 
of paralysis, although recovery subsequently 
occurred in animals receiving yeast. 
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An Improved Rabbit Holder. 

Robert E. Shipley. 

From the Lilly Laboratory for Clinical Research, Indianapolis City Hospital, Indianapolis, Ind. 


In studies requiring repeated injections in- 
to the ear veins of rabbits, accidental ex- 
travasation with subsequent loss of the vein 
occurs not infrequently even under the best 
conditions. With the use of the convention- 
al bo.x-like rabbit holder there is rarely suf- 


ficient immobilization of the rabbit’s head 
and ears to assure careful entry of the needle 
into the vein or to prevent its dislodgement 
by a sudden jerk of the animal’s head. 

Preliminary trials with a plaster mask 
shaped to accommodate the rabbit’s head 
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demonstrated that when the latter was rigid- 
ly supported the ears could be gently held 
and injected without mishap. After pro- 
gressing through several models, a rabbit 
holder was designed according to the arrange- 
ment shown in Fig. 1, which aimed primarily 
at immobilization of the rabbit’s head. 

The head holder is made by molding a 
liquid thermo setting plastic* around a 
plaster of Paris model which has been shaped 
to conform to that of the head of a rabbit 
weighing about 2.5 kg. Provisions are made 
for leaving a hole from the nose to the out- 
side. Within the 2 horizontal, tubular sup- 
ports which are included in the plastic cast- 
ing run two 3/16" ball chains 12 inches 
long. The anterior three-fourths of the rab- 
bit’s head is held in the cast by a horse- 
collar-shaped neckpiece to which are attached 
the ball chains. Once the rabbit’s head is 
placed in the cast, the operator e.xerts trac- 
tion on the chains, and under moderate ten- 
sion the latter are secured by fitting them 
into 2 narrow vertical slots on the ends of 
the horizontal support tubes. 

The body of the rabbit is confined in a 
S" X 5" X 12" metal box with a hinged lid 
and clasp. Two flanges fastened to the 
front of the box prevent the rabbit’s legs 
from reaching the area about the ears. All 
parts are mounted on a piece of 12 x 27 

»“Catiiv:ir 101” (cream colored) or ‘‘C.atavar 
1001” (clear), Catalin Corporation of America, 
Now York, N.Y. Plaster of Paris may also be 
used. 


X •)4" plywood, the top and edges of which 
are covered with sheet metal O.OSO" thick. 
For maximum rigidity, durability, and e.-ise 
in cleaning, stainless steel, chrome-plated 
brass, and plastic were used. Wood and 
plaster of Paris are less durable but are 
otherwise adequate. 

It has been found that by transilluminat- 
ing the rabbit’s ear from below, locating and 
visualizing particularly the smaller veins is 
greatly facilitated. With this procedure it 
is rarely necessary to clip or shave the hair 
over the vein in preparation for injection. 
A flexible arm with a small socket and bulb 
attached may be brought into any desired po- 
sition beneath either ear. 

The apparatus has been used several thous- 
and times and has proved very satisfactory 
for rabbits weighing from l.S to 4 kg. Con- 
fining the rabbit in the holder causes no 
apparent discomfort. 

Summary. A device is described which has 
been found to be of great advantage in ef- 
fectively holding rabbits and immobilizing 
their ears for bleeding or injection proce- 
dures. The significant feature of the ap- 
paratus is a mask, shaped to accommodate 
the anterior three-fourths of the rabbit’s 
head. An inverted, U-shaped collar holds 
the head firmly in the mask so that the posi- 
tion of the ears is correspondingly stabilized. 

Acknowledgment is made to ilr. Clifford Wilson 
and to Mr. Eol.and Parker for suggestions in 
design. 
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3 Magoun, H. W., and Rhines, R., J. Neuro- 
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Fig. 1. 

A. Cortically induced response of foreleg (a) 
and hindleg (b) inhibited during stimulation (c) 
of niidbrain tegmentum. B. Patellar reflex (b) 
slightly augmented during stimulation (c) of same 
tegmental point. 

During an experimental study of brain 
stem facilitation of cortically-induced move- 
ment,'* it was observed that stimulation of 
a limited area of the rostral midbrain re- 
sulted in complete inhibition of the cortical 
motor response, while activation of a some- 
what more extensive adjacent region produced 
depression of that response. 

Methods. The left motor cortex of cats 
under light chlorolosane anesthesia was stim- 
ulated every 2 seconds by induction shocks 
and the responses of the right fore and hind 
legs were recorded with a kymograph. Using 
the Horsley-Clarke technic, the brain stem 
was stimulated in an exploratory fashion 
with 60 cycle sine wave current at intensities 
which did not by themselves evoke move- 
ment. 

Stimulation of some of the points yielding 
inhibition was tested against the patellar re- 
flex, elicited mechanically at 2-second inter- 
vals, and in one animal the midbrain 
tegmentum was stimulated against the flexor 
reflex of the foreleg, evoked every 2 seconds 
by e.xciting a cutaneous nerve. 

I Rhiuos. R.. .Tiul Magoun, n. W., J. Xeuro- 
104G» 0, 210. 


Results. The predominant alteration of 
cortically-induced movement during stimula- 
tion of the upper brain stem consisted of 
facilitation.^ How'ever, as shown in Fig. lA, 
the response to cortical stimulation ceased or 
was diminished when the sites indicated in 
Fig. 2 were stimulated. Depression of re- 
sponse (small circles) was obtained from 
the hypothalamus and overlying thalamus, 
and complete inhibition (large circles) was 
elicited from the midline region of the 
posterior hypothalamus, dorsal to the mam- 
millary bodies (Fig. 2A), from the retro- 
mammillary region (Fig. 2 A and B) and from 
the tegmentum of the rostral midbrain (Fig. 
2A and C). Stimulation of this region also 
inhibited responses evoked from the bulbar 
pyramid. 

Stimulation of the same sites that caused 
inhibition of the cortical motor response, pro- 
duced no change, or in a few instances slight 
facilitation of the patellar reflex (Fig. IB). 
The flexor reflex was, however, inhibited by 
stimulating the same area of the midbrain 
tegmentum which inliibited cortically-induced 
movement, and inhibition of the flexor re- 
flex was also obtained by e.\'citing the peri- 
aqueductal grey. 

Though these same areas were e.xplored 
in the brain stem of the monkey, inhibitory 
responses were not encountered. 

Discussion. If the sites whose stimulation 
depressed or inhibited cortically-induced 
movement in these expieriments belong to a 
single neural system, it would appear to be 
distributed diffusely in the posterior dien- 
cephalon, to be concentrated ventromedially 
in the most anterior part of the midbrain 
and to shift dorsolaterally into the tegmen- 
tum at more caudal midbrain levels. The 
presence of intermixed facilitatorj'" elements 
may, however, have prevented detection of 
a possible further distribution. The subse- 
quent augmentation of cortical motor re- 
sponse after inhibition, seen in Fig. l.A, 
might, for example, have been produced by 
combined stimulation of excitatory' and in- 
hibitory components. 

A rostral midbrain inhibitory' influence is 
of interest from the point of view of 3 release 
phenomena which have been found to fol- 
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demonstrated that when the latter was rigid- 
ly supported the ears could be gently held 
and injected without mishap. After pro- 
gressing through several models, a rabbit 
holder was designed according to the arrange- 
ment shown in Fig. 1, which aimed primarily 
at immobilization of the rabbit’s head. 

The head holder is made by molding a 
liquid thermo setting plastic* around a 
plaster of Paris model which has been shaped 
to conform to that of the head of a rabbit 
weighing about 2.5 kg. Provisions are made 
for leaving a hole from the nose to the out- 
side. Within the 2 horizontal, tubular sup- 
ports which are included in the plastic cast- 
ing run two 3/16" ball chains 12 inches 
long. The anterior three-fourths of the rab- 
bit’s head is held in the cast by a horse- 
collar-shaped neckpiece to which are attached 
the ball chains. Once the rabbit’s head is 
placed in the cast, the operator exerts trac- 
tion on the chains, and under moderate ten- 
sion the latter are secured by fitting them 
into 2 narrow vertical slots on the ends of 
the horizontal support tubes. 

The body of the rabbit is confined in a 
S" X 5" X 12" metal box with a hinged lid 
and clasp. Two flanges fastened to the 
front of the box prevent the rabbit’s legs 
from reaching the area about the ears. All 
parts are mounted on a piece of 12" x 27" 

*“Cat!ivar 101” (crcaui colored) or “Catavar 
1001” (clear), Cataliu Corporation of America, 
New York, N.T. Plaster of Paris may al.so be 
used. 


.X plywood, the top and edges of which 
are covered with sheet metal O.OSO" thick. 
For maximum rigidity, durability, and ease 
in cleaning, stainless steel, chrome-plated 
brass, and plastic were used. Wood and 
plaster of Paris are less durable but are 
otherwise adequate. 

It has been found that by transilluminat- 
ing the rabbit’s ear from below, locating and 
visualizing particularly the smaller veins is 
greatly facilitated. With this procedure it 
is rarely necessary to clip or shave the hair 
over the vein in preparation for injection. 
A flexible arm with a small socket and bulb 
attached may be brought into any desired po- 
sition beneath either ear. 

The apparatus has been used several thous- 
and times and has proved very satisfactory 
for rabbits weighing from 1.5 to 4 kg. Con- 
fining the rabbit in the holder causes no 
apparent discomfort. 

Summary. A device is described which has 
been found to be of great advantage in ef- 
fectively holding rabbits and immobilizing 
their ears for bleeding or injection proce- 
dures. The significant feature of the ap- 
paratus is a mask, shaped to accommodate 
the anterior three-fourths of the rabbit’s 
head. An inverted, U-shaped collar holds 
the head firmly in the mask so that the posi- 
tion of the ears is correspondingly stabilized. 

Acknowledgment is made to ifr. Clifford Wilson 
.ond to Mr. Roland Parker for suggestions in 
design. 
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Frim i?.i of jrajJ-ca^:oa Caic-x-ri-iS^j M^.-Sw-rji ^ 21-.\ 


AccSthcibis have aoicd that the amount oi 
curare cecessarj' to cause muscular relaxa- 
tion is less in tiie presence oi ether than of 
other anesthetics. Gross and Cullen- tound 
that the coatraciioa of the gasuocnenuus 
muscle in response to electrical stimulation 
of its nerre is less in dogs anesthetized trith 
ether than with other agents. They con- 
cluded that ether exerts a curarifonn action 
on neuromuscular transmission. 

However these authors first determined the 
minimal strength of stimulus to which the 
muscle would respond, and then showed that 
after ether the muscle no longer respyonded 
to that strength of stimulus. Under these 
circumstances a failure of muscular contrac- 
tion might be caused by a rise in the neixo 
threshold rather than by block oi the neuro- 
muscular junction. The present study avoids 
this difiiculty bj- using maximal stimuli 
throughout. Each determination records the 
maximal response obtainable at that time. 

In addition to the mechanical contraction, 
the electrical respwnse of the muscle was al- 
so measured. This permits differentiation 
of the effect of ether on the contractile 
mechanism from its effect on the muscle ac- 
tion potential. 

Method. The following studies were made 
on rats. The animals were anesthetized 
through a tracheal cannula attached to an 
ether bottle. The bottle was provided with 
a valve which controlled the amount of ether 
in the inspired air. .-Animals were kept light- 
ly etherized throughout an experiment; when 
the effect of ether was to be studied the valve 
was turned to permit the maximal amount 
of ether to be drawn into the lungs. If 
natural respiration stopped, artificial respira- 
tion was applied by attaching an intermittent 
air pump to the side arm of the cannula. 
Natural breathing was usually resumed after 
a few seconds’ artificial respiration. 

1 Gross, E. G., and Cullen, S. C., J. Pharm. 
anti Exp. Thcrap., 104.3, 78, 358. 


la ihe experiments on curare Iniccosirin 
(Squibb) was useff. One cc of this prepara- 
tion is described as containing the equivalent 
of 20 units of standard drag. It was in- 
jected into the femoral vein. The mechanical 
response was recorded through a lever at- 
tached to the tendon of the gastrocnemius, 
while the electrical responses were led off 
by needle electrodes inserted into the musde. 
The height of potential was measured on 
an oscilloscope. 

Results. The maximal etherization pos- 
sible with the apparatus used blocks respira- 
tion before neuromuscular transmission. 
-\fier 12 minutes respiration stops, while the 
electrical response oi the muscle to maximal 
stimulation of its nerve shows an average 
depression of 12^0 (S to 15) in 5 experi- 
ments. It is possible that the greater de- 
pression obtained by Gross and Cullen is 
due to their recording the mechanical con- 
traction of the musde. However a record 
oi the mechanical response to maximal stim- 
ulation showed a depression of only 9^ after 
20 minutes of deep etherization. More 
probably the different results of Gross and 
Cullen are assignable to their use of minimal 
stimuli. 

Since ether causes respiratory depression, 
the decreased muscular response might be 
due to anoxia rather than to direct action of 
ether. This possibility was tested by having 
the lightly etherized animal rebreaihe into a 
balloon attached to the tracheal cannula. 
This kept the ether concentration reasonably 
constant, but permitted the oxygen concen- 
tration to drop rapidly. Two e.\periments 
showed an average depression of the muscle 
action current of 5^ in 12 minutes. .As a 
further check, after recovery the same ani- 
mals were heavily etherized and o.xygen was 
then blown in through the ether bottle. This 
increase in o.xygen with little if any change 
in ether concentration caused an average 
recovery of 5^ in 9 minutes. It appears 
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Fiq. 2. 

Distribution of sites whose stimulalioa completely iniiibited (large circles) or depressw 
(small circles) eortieally induced leg movement. A. Midsagittal reconstruction of cat ’s brJM 
stem. B. Transverse section of rctromamniillary region. C. Transverse section of inidbraia. 
Levels B and C are indicated by arrows in A. 

— Aqueduct MI — Massa intermedia 

AC — Anterior commissure OC — Optic chiasm 

CG — Central gray P — Pons 

Qp — Cerebral peduncle PC — Posterior Commissure 

H — Habenula RN~Ked nucleus 

HP — Habennlo-peduncular tract SN — Substantia nigra 

IP — ^Interpeduncular nucleus III — Third ventricle 


low injury to the mesencephalon. First, 
since Sherrington’s discovery of decerebrate 
rigidity, it has been thought that one of the 
chief inhibitory centers from which lower 
brain stem levels are released in this condi- 
tion is located in the midbrain. Ingram and 
his associates have made it clear that the 
red nucleus is not the eetdusive midbrain 
inhibitory component eliminated by decere- 
bration, as was once believed, though some 
rimdity does follow destruction of the red 
nuclei.® The sites yielding inhibition in the 
present study bear no obvious topographic 
relation to the led nucleus. 

Second, a release phenomenon described 
as “obstinate progression” has been shown 
bv Bailey and Davis« to follow destruction 
J the interpeduncular nucleus. Ventro- 
medial midbrain sites whose stimulation 
“dded inhibition in ^^rese^e™ts 

S. W., Arah. 

Bion. AND Med., 1942, 51, 307. 


were located just rostral to the interpeduncu- 
lar nucleus, but inhibitory responses were 
not obtained from this nucleus itself, nor 
from the habenulae or positions that were 
exclusively referable to the habenulo- 
peduncular tract leading from it to the in- 
terpeduncular nucleus. 

Third, ventromedial retromammillary le- 
sions have been shown by Ingram, Barns 
and Ranson’^ to produce catalepsy in the cat. 
A large number of the inhibitory responses 
elicited in the present experiments were ob- 
tained from the area destroyed in such 
cataleptic animals, but to what extent in- 
jury to these inhibitory elements was in- 
volved in producing the cataleptic syndrome 
is at present uncertain. 

Summary, A rostral midbrain area, the- 
stimulation of which inhibits cortically-in- 
duced movement in the cat, has been de- 
scribed. 


l Ingram, W, K., Barris, B. W., and Bauson, 
S. W., Arch. Nmrol. PsycMat., 1936, 35, 1175. 
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WiLi-iAii ScHALLEK. (Introduced by Geo. H. Bishop.) 

From the Laioratoru of ycurovhysiologi/, Washington University Medical School, St. Louis, Mo. 


.Anesthetists have noted that the amount of 
curare necessary to cause muscular relaxa- 
tion is less in the presence of ether than of 
other anesthetics. Gross and Cullen^ found 
that the contraction of the gastrocnemius 
muscle in response to electrical stimulation 
of its nerve is less in dogs anesthetized with 
ether than with other agents. They con- 
cluded that ether exerts a curariform action 
on neuromuscular transmission. 

However these authors first determined the 
minimal strength of stimulus to which the 
muscle would respond, and then showed that 
after ether the muscle no longer responded 
to that strength of stimulus. Under these 
circumstances a failure of muscular contrac- 
tion might be caused by a rise in the nerve 
threshold rather than by block of the neuro- 
muscular junction. The present study avoids 
this difficulty by using ma.ximal stimuli 
throughout. Each determination records the 
maximal response obtainable at that time. 

In addition to the mechanical contraction, 
the electrical response of the muscle was al- 
so measured. This permits differentiation 
of the effect of ether on the contractile 
mechanism from its effect on the muscle ac- 
tion potential. 

Method. The following studies were made 
on rats. The animals were anesthetized 
through a tracheal cannula attached to an 
ether bottle. The bottle was provided with 
a valve which controlled the amount of ether 
in the inspired air. .Animals were kept light- 
ly etherized throughout an experiment; when 
the effect of ether was to be studied the valve 
was turned to permit the maximal amount 
of ether to be drawn into the lungs. If 
natural respiration stopped, artificial respira- 
tion was applied by attaching an intermittent 
air pump to the side arm of the cannula. 
Natural breathing was usually resumed after 
a few seconds’ artificial respiration. 

1 Gross, E. G., and Cullen, S. C., J. Pharm. 
and Exp. Thcrap., 1043, 78, 338. 


In the experiments on curare Intocostrin 
(Squibb) was used. One cc of this prepara- 
tion is described as containing the equivalent 
of 20 units of standard drug. It was in- 
jected into the femoral vein. The mechanical 
response was recorded through a lever at- 
tached to the tendon of the gastrocnemius, 
while the electrical responses were led off 
by needle electrodes inserted into the muscle. 
The height of potential was measured on 
an oscilloscope. 

Results. The maximal etherization pos- 
sible with the apparatus used blocks respira- 
tion before neuromuscular transmission. 
-After 12 minutes respiration stops, while the 
electrical response of the muscle to maximal 
stimulation of its nerve shows an average 
depression of 12% (8 to 15) in 5 experi- 
ments. It is possible that the greater de- 
pression obtained by Gross and Cullen is 
due to their recording the mechanical con- 
traction of the muscle. However a record 
of the mechanical response to maximal stim- 
ulation showed a depression of only 9% after 
20 minutes of deep etherization. More 
probably the different results of Gross and 
Cullen are assignable to their use of minimal 
stimuli. 

Since ether causes respiratory depression, 
the decreased muscular response might be 
due to ano.xia rather than to direct action of 
ether. This possibility was tested by having 
the lightly etherized animal rebreathe into a 
balloon attached to the tracheal cannula. 
This kept the ether concentration reasonably 
constant, but permitted the o.xygen concen- 
tration to drop rapidly. Two experiments 
showed an average depression of the muscle 
action current of 5% in 12 minutes. .As a 
further check, after recovery the same ani- 
mals were heavily etherized and oxygen was 
then blown in through the ether bottle. This 
increase in o.xygen with little if any change 
in ether concentration caused an average 
recovery of 5% in 9 minutes. It appears 
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then that of the 12% depression following 
etherization, 5% may be caused by asphyxia. 

The remaining depression is not enough 
to account for the observed increase of the 
action of curare in the presence of ether. That 
there is a synergism between the two agents 
is seen in Fig. 1. The ma.ximal dose of ether 
alone caused a 14% depression of muscle ac- 
tion potential in this e.xperiment, while 0.1 unit 
curare/kg caused an average depression of 
46%, with minimal ether. Although the sum 
of the depressions caused by these agents 
given separately is 60%, the same dose of 
curare given 3 to 5 minutes after deep ether- 
ization has begun caused a depression of 
91%. When the same dose of curare was 
given one minute after deep etherization be- 
gan, the depression was only 72%, indicat- 
ing ’that the ether had not yet reached the 
optimum concentration at the site of action. 
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in the electrical response, ether evidently 
acts proximal to the contractile process of 
the muscle. The synergism shown between 
ether and curare might suggest that they act 
at the same site, but this does not necessarily 
follow. Since we do not yet know the exact 
point at which curare acts, further specula- 
tion as to the peripheral action of ether does 
not seem warranted. 

As noted above, curare has been reported 
to cause greater “relaxation” of muscles dur- 
ing anesthesia with ether than during the 
same degree of anesthesia with other agents. 
While this suggests that there is a greater 
synergism of curare with ether than with 
these other agents, another possibility e.xists. 
Anesthetists judge the degree of anesthesia 
to a large extent by the respiration, and 
amounts of ether and other agents which 
depress the respiratory center to the same 
degree may have different effects at other 
centers, as well as on the neuromuscular 


junction. A detailed examination of the ac- 
tions of various anesthetics would be neces- 
sary to settle this point. 

Summary. The response of the gas- 
trocnemius to maximal stimulation through 
its nerve was studied in the rat. During 
deep etherization there is a depression of 
12% in the muscle action potential. At the 
same time the respiration is depressed; 
anoxia alone due to this may account for 
5% depression. Hence a muscular depres- 
sion of only 7% can be attributed to the 
action of ether, not necessarily involving 
neuromuscular block. Nevertheless there is 
a synergism between ether and curare, since 
the effects of these agents given together 
is one-third greater than the sum of their 
separate effects. 

.Acknowiedgmcnt is due Dr. Geo. H. Bishop for 
advice in tliis research, and to Dr. S. i£. Walker 
for assistance. E. R. Squibb & Sons furnished 
the intocostrin used. 
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Transformations in the enzymatic consti- 
tution of the living cell may occur as a re- 
sult of gene mutation or as a physiological 
transformation in the presence of a constant 
genome. Changes of the latter type are 
most easily detected and studied in the cells 
of microorganisms, which are less specialized 
and more flexible than the cells of mature 
multicellular organisms, and present fewer 
complicating factors than the closely inter- 
related complex of cells found in the embryo. 
These changes have long been familiar to 
microbiologists’, but they have until recent- 
ly been the subject of much controversy, 
centering around the question whether they 
are only apparent transformations resulting 
from the action of natural selection upon 
pre-existing mutants in microbiological popu- 


lations. Recent developments in the genetics 
of yeast* have made it possible to settle the 
controversy at least for this group of or- 
ganisms; and it has been demonstrated by 
Spiegelman and coworkers**’* that modifica- 
tions of enzyme constitution take place in 
genetically stable yeast strains, without the 
intervention of natural selection and without 
cell multiplication. 

Most domestic strains of yeast readily 
ferment glucose, but do not ferment 
galactose. Some of them can, however, ac- 
quire the ability to ferment galactose after 

I Dindcgrcfi, C. C., Pact. Dev., 1945, 9, 111, 

-•.Spiegelman, S., Lindcgren, C. C, and Hedge- 
coek, L., Proc. Xat. .lead. Sci., 1944, 30, 13. 

3 Spiegelnmn, S., and Lindcgren, C. C., Jnn. 
Mo. Dot. Card., 1944, 31, 219. 
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then that of the 12% depression following 
etherization, 5% may be caused by asphyxia. 

The remaining depression is not enough 
to account for the observed increase of the 
action of curare in the presence of ether. That 
there is a synergism between the two agents 
is seen in Fig. 1. The maximal dose of ether 
alone caused a 14% depression of muscle ac- 
tion potential in this e.xperiment, while 0.1 unit 
curare/kg caused an average depression of 
46%, with minimal ether. Although the sum 
of the depressions caused by these agents 
given separately is 60%, the same dose of 
curare given 3 to 5 minutes after deep ether- 
ization has begun caused a depression of 
91%. When the same dose of curare was 
given one minute after deep etherization be- 
gan, the depression was only 72%, indicat- 
fng’that the ether had not yet reached the 
optimum concentration at the site of action. 
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the electrical response, ether evidently 
ts proximal to the contractile process of 
e muscle. The synergism shown between 
her and curare might suggest that they act 
. the same site, but this does not necessarily 
How. Since we do not yet know the e.xact 
lint at which curare acts, further specula- 
on as to the peripheral action of ether does 
It seem warranted. 

/As noted above, curare has been reported 
' I cause greater “relaxation” of muscles dur- 
,g anesthesia with ether than during the 
.ime degree of anesthesia with other agents, 
fhile this suggests that there is a greater 
/nergism of curare with ether than with 
lese other agents, another possibility exists, 
.nesthetists judge the degree of anesthesia 
1 a large extent by the respiration, and 
mounts of ether and other agents which 
epress the respiratory center to the same 
egree may have different effects at other 
enters, as well as on the neuromuscular 


junction. A detailed examination of the ac- 
tions of various anesthetics would be neces- 
sary to settle this point. 

Summary. The response of the gas- 
trocnemius to maximal stimulation through 
its nerve was studied in the rat. During 
deep etherization there is a depression of 
12% in the muscle action potential. At the 
same time the respiration is depressed; 
anoxia alone due to this may account for 
5% depression. Hence a muscular depres- 
sion of only 7% can be attributed to the 
action of ether, not necessarily involving 
neuromuscular block. Nevertheless there is 
a synergism between ether and curare, since 
the effects of these agents given together 
is one- third greater than the sum of their 
separate effects. 

Acknowledgment is due Dr, Geo. H. Bishop for 
advice in this research, and to Dr. S. il. Walker 
for assistance. E. K. Squibb & Sons furnished 
the intocostrin used. 
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Effect of Enzyme Inhibitors on Transformation of Enzymes in the 

Living Cell. 

John M. Reiner. (Introduced by M. B. Visscher.) 

From the Department of Physiology, The iledieal School, University of ilinnesota. 


Transformations in the enzymatic consti- 
ution of the living cell may occur as a re- 
ult of gene mutation or as a physiological 
ransformation in the presence of a constant 
’enome. Changes of the latter type are 
nost easily detected and studied in the cells 
)f microorganisms, which are less specialized 
ind more flexible than the cells of mature 
nulticellular organisms, and present fewer 
implicating factors than the closely inter- 
related complex of cells found in the embryo. 
These changes have long been familiar to 
microbiologists; but they have until recent- 
ly been the subject of much controversy, 
centering around the question whether they 
are only apparent transformations resulting 
from the action of natural selection upon 
pre-existing mutants in microbiological popu- 


lations. Recent developments in the genetics 
of yeast^ have made it possible to settle the 
controversy at least for this group of or- 
ganisms; and it has been demonstrated by 
Spiegelman and coworkers"'® that modifica- 
tions of enzyme constitution take place in 
genetically stable yeast strains, without the 
intervention of natural selection and without 
cell multiplication. 

IMost domestic strains of yeast readily 
ferment glucose, but do not ferment 
galactose. Some of them can, however, ac- 
quire the ability to ferment galactose after 

iLindegren, C. C., Pact. Sev., 19i5, 9, IH. 

- Spu‘gidui. 111 , S., Liudcgren, C. C., and Hedge- 
covk, L., Proc. .lead. Sci., 1944, 30, 13. 

3 Spiegelman, S., and Lindegren, C. C., Hnn. 
Mo. Dot. Card., 1944, 31, 219. 
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Ether and Curare on Muscle 



;r- :• depression followino 

et^rization, 3% may be caused by asphyxia! 

The remaining depression is not enough 
to account for the observed increase of the 
action of curare in the presence of ether That 
there is a synergism between the two a-^ents 
is seen in Fig. I. The maximal dose of !ther 
alone caused a 14^ depression of muscle ac- 
tion potential in this experiment, while 0.1 unit 
curare/kg caused an average depression of 
46%, with minimal ether. Although the 
of the depressions caused by these a< 


on respiration is stn ^ 

minutes, while thi^A respiration in 

no signiftm 

‘f this dose is given^f S T ^ 

etherization has h ^ ^ minutes after de 

minutes after mra respiration stops 
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^ slight decrease nf ^ stimuli, on! 

the present studv is found i 

are used. This maximal stimU; 

which the above wort^ ^ that the depressioi 
been due to increase fe^th 
The present paper threshold 

tion of the peripheral ! localiza- 
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response was no greater than^t “echanica! 
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being 90 minutes, data obtained from un- 
adapted cells are given only from 90 minutes 
on. With fully adapted cells, only the 
highest inhibitor concentration was used. 
Table I shows a typical set of results. 

Despite the fact that the O 2 consumption 
(not shown) was just as completely inhibited 
by 10 “ IM azide in adapted as in unadapted 
cells, the fermentation of galactose by 
adapted cells was not only not inhibited, 
but was actually stimulated by azide. None 
of the other compounds used gave such re- 
sults; and we therefore present the data for 
them somewhat more briefly. Concentration 
curves were obtained, but we show here only 
the data obtained at the highest concentra- 
tions used. The stimulatory effect of azide 
at low concentrations will be discussed more 
fully elsewhere. 

.As in the case of azide, the effect of these 
compounds on 0^ consumption was very 
nearly the same for adapted and unadapted 
cells. Unlike azide, however, they inhibited 
the galactose fermentation equally well in 
both cases, with the exception of DNP. The 
results therefore leave open the question of 
the mechanism of inhibition. 

TABLE II. 

Effix-t Ilf XaP, I.t.V, aiul DXP ou Galactose Per- 
mciitation. 

(Excess COj, % of control). . 

NaP 'IxlO-e M lA.V 2xl0-t M DXP 10-3 M 
Unadapted cells. 

0 14 3 

Adapted cells. 

C 0 40 


We therefore attempted to determine 
whether the inhibition of unadapted cells 
could be reversed. Cells were e.xposed to 
the inhibitors for 90 minutes in the presence 
of galactose, then caiefully washed free of 
adhering solutions, and tested for fermenta- 
tion on fresh galactose. If any adaptation 
had occurred, the washed cells should have 
begun to ferment before 90 minutes. The 
results from 60 minutes onward are given. 

With the possible exception of fluoride, 
the results appear negative. ' In the case of 
I.\.A, however, irreversible changes tend to 


TABLE nr. 


Ilevorsiliility of Inliibitiou of Adaptation. 
(E.xce.ss L'Oo, % of control). 


XaP2xl()-3M lAA 2x10-1 JI 

DXP 10-3 il 

17 2 

3 


occur after long periods of e.xposure. Fluoride® 
is known to combine with magnesium and 
phosphate as a complex salt within the cell, 
this complex then uniting with the enzyme 
enolase; and it is not certain that this com- 
plex would have been removed by washing 
the cells. Consequently, the results of Table 
III must be regarded with some reservations. 

Discussion. The most clearcut results with 
inhibitors have been obtained with sodium 
azide. This poison prevents adaptation from 
occurring, but does not prevent galactose 
fermentation after adaptation has been al- 
lowed to take place. It does not interfere 
with the metabolic chain by which galactose 
is transformed into alcohol and CO 2 . It 
must therefore prevent the formation of one 
or more essential enzymatic or coenzymatic 
links in that chain. This supposition is re- 
inforced by the knowledge that azide does 
in fact inhibit synthetic processes, and does 
not inhibit normal glucose fermentation. 

The poison DNP inhibits adaptation com- 
pletely, but inhibits galactose fermentation 
by adapted cells to the extent of only 60%. 
It is known to have an effect on synthesis*® 
even at rather low concentrations; and it 
may in these e.xperiments be functioning in 
a mixed way — to inhibit synthesis of the 
adaptive enzyme or enzymes, and to block 
or slow up part of the process of fermenta- 
tion. 

The compounds NaF and I.A.A are known to 
block the Meyerhof fermentation scheme.®-** 
It is therefore likely that they merel}’’ pre- 
vent the adaptive enzymes from manifesting 
themselves, without necessarily preventing 
the adaptive enzymes from being formed. 


0 W.-irburff, 0., and Christian, W., Biocli. Z., 
194-1, aiO, 384. 

10 Clowes, G. II. and Krald, II. E., J. Gen. 
I’hyKinl., 1943. "Al. 77. 

11 Lunds^aard, E., JSioch. Z., 1930, AIT, 102. 
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TABLE I. 


Effect of NaNa on Galactose Eermeiitation, 


Time 

Azide cone.: 

Control 

10-311 

10-iM 

10-311 

90-180' 

Mierolitres 

Uuadapted cells. 

138 

242 

38 

28 


% of control 

— 

175 

20 

19 

10-120' 

ilicrolitres 
% of control 

Adapted cells. 

944 



1314 

139 


a period of exposure to this sugar under 
aerobic conditions. The time required for 
“adaptation” (a term introduced by Kar- 
strbm^ to denote this process) is a charac- 
teristic constant for each strain of yeast. 
It is this enzyme transformation which has 
been most extensively studied by Spiegelman, 
and which is the subject of the present re- 


port. 

The effect of several well-known enzyme 
inhibitors on the adaptation to galactose 
fermentation has been studied in the hope of 
casting further light on the nature of the 
process. In particular, we wished to obtain 
evidence bearing on the following crucial 
question: Is adaptation the synthesis of one 
or several new enzymes or coenzymes by 
the cell, or is it merely a lag within the 
metabolic cycle of the substrate itself, in- 
volving the formation of a certain level of 
intermediate products (e.g., phosphorylated 
intermediates), as in the well-known induc- 
tion period which occurs when glucose is 
fermented by dried yeast? Our results point 
strongly to the former alternative — the oc- 
currence of synthesis. 

Materials and Methods. A pure strain of 
Saccharomyces carlsbergensis (CLD-IA, ob- 
tained from Dr. S. Spiegelman) ivas grorra 
in liquid culture containing peptone and SJo 
alucose, together with yeast extract and the 
necessary salts. For e.xperiments, 48-hour 
cultures were harvested, washed several times 
with M/IS KH 2 PO 4 to remove adherent 
medium, and finally^ 

M/IS KH^P 04 to give about 20 m„ (wet 
^ ■ mi of veast in 1 ml of suspension. 
SJots if 1 inl distributed among 

1938, 7, 3o0. 


concentration of 4% was placed in the side- 
arm of each vessel; and enough distilled 
water, inhibitor or phosphate solution was 
added to the main chamber to bring the final 
volume of liquid to 2 ml. In occasional ex- 
periments the concentration of yeast or of 
galactose was varied, but in any one experi- 
ment the conditions in all vessels were strict- 
ly comparable. After equilibration on the 
Warburg bath, the substrate was tipped into 
the main chamber, the time at which this oc- 
curred being designated as zero time. 0.\ygen 
consumption and CO 2 production were fol- 
lowed at 15-minute or sometimes at lO-min- 
ute intervals by the usual 2-cup method.® 
The excess of CO^ production over On con- 
sumption in a given time period was taken 
as an index of fermentation and hence of 
adaptation rate. Inhibitor solutions were ad- 
justed to a pH of 4.5 before use. 

Experimental Results. The inhibitors 
chiefly used were sodium azide (NaNs), 
sodium fluoride (NaF), 2 - 4 -dinitrophenol 
(abbreviated DNP), and iodoacetic acid 
(abbreviated lAA). Their effects on un- 
adapted and fully adapted cells were exam- 
ined. Adapted cells were obtained by grow- 
ing the yeast in the usual liquid medium 
with galactose substituted for glucose. 

Azide is known as an inhibitor of hemin 
catalyses,® but also (unlike HCN and H^S) 
as a specific inhibitor of syntheses even 
under anaerobic conditions.’’® This makes 
it particularly useful for our purpose. 

The adaptation time of our yeast strain 

'> Dixon, M., Manometric Methods, University 
Press, Cambridge, 194,3. 

eiveUiu, D., Pror. Soy. .Soe, Lond., B, 1930, 
131, 165. 

I Spiegelniau, S., Biol Bull, 1945, 89, 123. 

SIVinzIcr, B. J., Science, 1944, 09, 337. 
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being 90 minutes, data obtained from un- 
adapted cells are given only from 90 minutes 
on. With fully adapted cells, only the 
highest inhibitor concentration was used. 
Table I shows a typical set of results. 

Despite the fact that the Oo consumption 
(not shown) was just as completely inhibited 
by lO '* INI azide in adapted as in unadapted 
cells, the fermentation of galactose by 
adapted cells was not only not inhibited, 
but was actually stimulated by azide. None 
of the other compounds used gave such re- 
sults; and we therefore present the data for 
them somewhat more briefly. Concentration 
curves were obtained, but we show here only 
the data obtained at the highest concentra- 
tions used. The stimulatory effect of azide 
at low concentrations will be discussed more 
fully elsewhere. 

.\s in the case of azide, the effect of these 
compounds on 0^ consumption was very 
nearly the same for adapted and unadapted 
cells. Unlike azide, however, they inhibited 
the galactose fermentation equally well in 
both cases, with the exception of DNP. The 
results therefore leave open the question of 
the mechanism of inhibition. 

TABLE II. 

EfEvtt of XiiP, I.S..\, and DNT ou Galactose Fer- 
mentation. 

(Excess CO^, % of control). 
N.aPo.\10-2M IAA2.-slO-^M DNP 10-3 M 
Uiiadapted cells. 

0 14 3 

Adapted cells. 

C 0 40 


We therefore attempted to determine 
whether the inhibition of unadapted cells 
could be reversed. Cells were exposed to 
the inhibitors for 90 minutes in the presence 
of galactose, then caiefully washed free of 
adhering solutions, and tested for fermenta- 
tion on fresh galactose. If any adaptation 
had occurred, the washed cells should have 
begun to ferment before 90 minutes. The 
results from 60 minutes onward are given. 

With the possible exception of fluoride, 
the results appear negative. ' In the case of 
however, irreversible changes tend to 


TABLE ni. 

Beversibility of Inhibition of Adaptation. 
(Excess CO;;, % of control). 


X:iF 2X10--I ^t 

I.AA 2.X10-1 it 

DNP 10-3 it 

17 

2 

3 


occur after long periods of exposure. Fluoride® 
is known to combine with magnesium and 
phosphate as a complex salt within the cell, 
this complex then uniting with the enzyme 
enolase; and it is not certain that this com- 
plex would have been removed by washing 
the cells. Consequently, the results of Table 
III must be regarded ivith some reservations. 

Discussion. The most clearcut results with 
inhibitors have been obtained with sodium 
azide. This poison prevents adaptation from 
occurring, but does not prevent galactose 
fermentation after adaptation has been al- 
lowed to take place. It does not interfere 
with the metabolic chain by which galactose 
is transformed into alcohol and COa. It 
must therefore prevent the formation of one 
or more essential enzymatic or coenzymatic 
links in that chain. This supposition is re- 
inforced by the knowledge that azide does 
in fact inhibit synthetic processes, and does 
not inhibit normal glucose fermentation. 

The poison DNP inhibits adaptation com- 
pletely, but inhibits galactose fermentation 
by adapted cells to the extent of only 60%. 
It is known to have an effect on synthesis^® 
even at rather low concentrations; and it 
may in these experiments be functioning in 
a mixed way — to inhibit synthesis of the 
adaptive enz 3 nne or enzymes, and to block 
or slow up part of the process of fermenta- 
tion. 

The compounds NaF and I.A.\ are known to 
block the INIeyerhof fermentation scheme.®-'^ 
It is therefore likely that they merely pre- 
vent the adaptive enzymes from manifesting 
themselves, without necessarily preventing 
the adaptive enzymes from being formed. 


^W.-irburg, 0,, and Christian, W., Bioch. Z., 
1942, 310, 3S4. 

10 Clowes, G. n. A., and Krahl, il. E., J. Gen. 
Phi/.-.wl., 1943, 21, 77. 

11 I.undsf'aard, E., Btocli. Z., 1930, 217, 162. 
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However, the data on this point are as yet 
not conclusive. 

From the effects of azide in particular we 
conclude that adaptation to galactose fer- 
mentation involves the synthesis of one or 
more compounds which are not metabolic 
intermediates of galactose utilization, proba- 
bly enzymes or coenzymes. 

Summary. The effects of several enzyme 


inhibitors on the adaptation of yeast to oal- 
actose fermentation has been studied. fk 
results strongly indicate that the process of 
adaptation involves the synthesis of one or 
more new enzymes. 

The author wisiies to thank Profs. Jt. B. Visschcr 
and H. G. Wood for their support and eiicourage- 
inent of these studies. 
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Influence of an Alkaline Solution on Tissue Toxicity of Uranium Nitrate. 

Wii. deB. MacNider. 

From the Laboratory of Pharmacology, University of ^orth Carolina. 


The observation was made in this labora- 
tory^ that a solution of sodium carbonate 
would not only protect the kidney against 
the toxic action of a uranium salt but that 
it would furthermore protect it against the 
injurious effect of a general anesthetic body. 
The first part of this observation was con- 
firmed by Goto- and very recently further 
extended by the studies of Donnelly and 
Holman® who were able to demonstrate a 
similar order of protection from a solution 
of sodium citrate. In a later paper* these 
authors and their associates attempt an ex- 
planation for this phenomenon of protection. 
They attribute it not to the action of a solu- 
tion of sodium citrate as an alkaline medium 
but they believe that their “data on sodium 
citrate protection against uranium injury 
point to the maintenance of one or more 
vital equilibria (possibly the ‘citric acid cy- 
cle’ of carbohydrate metabolism) while the 
normal processes of repair are taking place, 
for we have no evidence that repair is ac- 
celerated or altered in any way.” It be- 


1 MacNider, Wm. deE., L. Fxp, Med., 1916, 
28, 171. 

2 Goto, Kingo, J. Fxp. Med., 1917, 2o, 693. 

3 Donnelly, G. L., and Holman, Bussell, J. Pharm. 
and Fxp. Therap., 1942, 73, 11. 

I Donnelly, G. L., Boss, C. J., Meroney, AT. H., 
and Holman, Bussell D., Proc. Soc. Exp. Biol, and 
Med., 1944, 57, 75. 


comes difficult to see how these authors could 
come to such a conclusion without employ- 
ing control experiments in which sodium 
carbonate^ or sodium bicarbonate® were used 
as agents to induce protection against 
uranium. Such an observation is especially 
appropriate when the fact is well established 
t at citrates are rapidly and completely 
changed in the tissues to carbonates. 

e way in which an alkaline solution 
protects the kidney, the liver and likely other 
issues against a uranium injury is not known. 

IS urtheraore not known how uranium 
m uces Its injury. Holman and Douglas® 

recover from 

If uranium nitrate from the urine 

Of dogs during the first 24 hours of an in- 
-xica ion by S mg of this substance per kg 
of weight. It is at this period that the renal 
J ry commences and rapidly progresses. 

repeated® that the 
Hin» osicity of uranium salts may be 
I'nfrprBii i^**^ ability to inhibit processes of 
“ “- 
uranium ^ characteristic of the 

ous oxiSt.^^'"’ environment in which vari- 
"Fstems exert their 

moL. and Mj®., igi4^ 57^ 70. 
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influence. The fact that such a tissue dis- 
turbance does e.xist is shown by the observa- 
tion that a reduction in the reserve alkali 
of the blood invariably occurs in the dog 
during the course of a uranium intoxication.® 
With this order of reasoning, the suggestion 
is made that the intravenous use of an al- 
kaline solution: carbonate, bicarbonate or 

0 JIaeXider Wm. deB., J. Exp. Meil., 1917, 20, 1. 


citrate, e.xerts its tissue protection not by 
the neutralization of hydrogen ions in the 
sense that they are as such responsible for 
the tissue damage, but by maintaining 
through such a binding or neutralizing effect 
an intracellular chemical environment of such 
an order of balance (acid-base) that various 
enzymatic systems can operate in an effective 
manner as life processes. 
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Effect of Parabiosis on Experimental Uremia.* 

John A. Sibley and Charles Huggins. 

From the Department of Surgery, University of Chicago, Chicago, III. 


The purpose of these e.xperiments was to 
study the efficiency of peritoneal anastomosis 
in parabiotic rats, one member of the pair 
being uremic. 

Putnam^ demonstrated in cats that fluids 
in the peritoneal cavity came into almost 
complete osmotic equilibrium with the blood 
plasma. Ganter- first studied peritoneal 
lavage as a therapeutic measure, noting that 
the introduction of salt solution into the 
peritoneal cavity of dogs with bilateral 
ureteral ligation improved the resulting 
uremic symptoms. It has been demonstrated 
that peritoneal lavage can reduce the values 
of nonprotein nitrogenous constituents of the 
blood®’® and prolong the lives of uremic 

* Tills study was aided by a grant from Mr. Ben 
Jtay, Mobile, .\labama, from the Albert and Mary 
Lasker Foundation, Ine., and from the Sidney and 
Prances Brody Foundation. 

1 Putnam, T. J., Jm. J. Physiol., 1923, 03, 54S. 

-Ganter, G., Miinchen. mcil. Wchnschr., 1923, 
70, 1478. 

Landsburg, M., and Groinski, II., C. 11. Soc. dc 
biol., 1925, 93, 787. 

•* Bosenak, S., and .Siwon, P., ilitt. a. d. Grcncgch. 
d. Med. n. Chir., 1920, 39, 391. 

•"> lleu-sser, H., and IVcrder, H., Bruns’ Dcitr. r. 
Hill. Chir., 1927, 141, 38. 

'■ Curtis, G. M., and Pacheca, G. A., Proc. Soc. 
Exp. Biol, .^kd Med., 1928, 20, 874. 


dogs'-® and patients.®-®® Frank, Seligman 
and Fine®® eliminated uremia in a patient 
with acute renal failure by peritoneal irriga- 
tion. 

A number of investigators®®’®® have studied 
renal function by the method of parabiosis. 
Herrmansdorfer®® joined pairs of rats in 
parabiosis with coelioanastomosis and later 
removed the kidneys of one of the parabionts; 
he was able to remove 3 kidneys from the 2 
rats and maintain life without a rise in non- 
protein nitrogen, or other constituents of the 
blood. All of these investigators produced 

I Bliss, S., K.-istlcr, A. D., and Nadler, S. B., 
Proc. Soc. Exp. Biol, .cxd Med., 1932, 29, 1078. 

s Jeney, A. von, Z. f. Min. Med., 1932, 122, 294. 

9 Balaza, J., and Eosenak, S., Wien. Min. 
Wchnschr., 1934, 47, 851, 

10 Wear, J. W., Sisk, I. E., and Trinkle, A. J., 
J. Urol., 1938, 39, 53. 

II Frank, H. A., Seligman, A. M., and Pine, .1., 
J. A. .11. A., 194G, 130, 703. 

1-- Ilerrmansdorfer, A., Denl.schc Z. f. Chir., 1923, 
178, 289. 

13 Jeffers, W. .V., Lindauer, M. A., Twaddle, 
P. II., and Wolferth, C. C., Am. J. M. Sc., 1940, 
199, 815. 

iiGrollman, A., and Eule, C., Am. J. Physiol., 
1943, 138, 587. 

i-’> Daunheisser, F., Deutsche Z. f. Chir., 1931 
232, 688. 
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the uremic state at a sufficiently long time 
after parabiosis for a common circulation to 
exist, while in the present experiments 
parabiotic union and uremia were estab- 
lished simultaneously. That an actual an- 
astomosis of the 2 circulations eventually 
develops has been repeatedly shown by the 
passage of India ink, bacteria, avian blood 
cells, and dyes.“>^®'^® Studies made before 
the development of vascular communications 
are few; SpagnoP® showed that colloidal dyes 
injected into one member of the pair did not 
cross to the mate during the first few days 
after anastomosis. 

Experimental. Uremia was produced by 
bilateral nephrectomy in 8 adult albino rats 
and these rats died within 72 hours after 
operation. They became apathetic and later 
comatose; occasionally there was tetany. 
Fluid retention with massive edema and 
pleural fluid occurred. The nonprotein ni- 
trogen of whole blood rose rapidly from the 
normal of 25 to 45 mg % to about ISO 
mg % in 24 hours, (Fig. 2) and to about 
350 mg fo before death. 


O =■ NEPHRECTOWr ALONE 
A - IN PARABIOSIS S COEU. 
X » IN PARABIOSIS C COEL. 


A 

A 

A 

A 

A 

O 

O 0 

0 o 

1 2 


X 

X 

X 

X 

X 

XXX X 

XXX X X 

O X X XX X 

3 .t 5 5 7 6 9 10 II ' 

OAVS oruFE 

after operation 


Fio. 1. . , ^ 

The duration of life in uephrectomized rate; 
f*.V«pXcctomy alone, 0; nephrectomy m a rat 
r^Wosia \vithout peritoneal anaatomop. A; 
wpieetomy in one partner in parabioom ^nth 

coelio-anastomosis, X. 

Bion. Atm Man.. 
tsSu, K. t: Phoo. Soc. ext. Bion. axu Ato., 
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Pig. 2. 

Nonprotein nitrogen of whole blood in nephrec- 
toinized rats. 


The effect of parabiosis of such a nephrec- 
tomized rat with a normal rat was tried. 
A procedure simiiar to the original method 
of Sauerbruch and Heyde^® was employed 
in which the skin of the animals was joined 
from neck to hip, the scapulas were sutured 
together, and a large anastomosis produced 
between the 2 peritoneal cavities. The type 
of circulation obtained between the 2 ani- 
mals was studied. Normal rats, injected 
intravenously with Evans’ blue dye (T-I824) 

3 cc of 1% solution, remain blue in color 
for many months. This amount of Evans’ 
blue was injected intravenously in one rat, 
and during the first 4 days after parabiosis 
no transfer to the partner was observed as 
shown by the unchanged color of the ani- 
mals and by colorimetric studies on the serum. 
After 4 days blue coloration was observed 
to estend into the skin of the uninjected rat 
for about 1 cm beyond the suture line. On 
the 6th to the 7th day the dye spread over 
■the entire partner, and studies of the blood 
serum showed a nearly equal concentration 
of dye in the serum of both animals. It 
was therefore concluded that during the first 

4 or 5 days the only form of communication 
was the common peritoneal cavity and the 
tissue spaces at the anastomosis, 

20Sauerbru<-l71C~^i;i~H;^^ 

mcd. Wchnsclir., 1908, 55, 153. 
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Bilateral nephrectomy was performed on 
one of the rats of 22 pairs at the time of 
parabiosis. The pairs then lived for 3 to 11 
days before the nephrectomized rat died. 
To insure that the coelio-anastomosis was of 
importance in maintaining life, parabiosis of 
a nephrectomized rat with a normal mate 
was done in 6 pairs without communication 
of the body cavities. .All of these pairs died 
in 3 days or less, as did the single nephrec- 
tomized rats (Fig. 1). 

Nonprotein nitrogen studies of whole blood 
showed that coelio-anastomosis was usually 
-effective in maintaining low values, although 
shortly before death values of 100 to 200 
mg % were sometimes reached. The nonprotein 
nitrogen of the nephrectomized rat usually 
remained between 75 and 100 mg % (Fig. 2) 
while that of the normal partner rose to 50 
to 75 mg %. 

The ability of the partner to excrete 
phenol red (PSP) injected into the nephrec- 
tomized rat was determined. Although there 
was negligible e.\xretion in the urine when 
the rats were in parabiosis without coelio- 


anastomosis, good values were obtained with 
peritoneal anastomosis. After 5 mg of PSP 
were injected intramuscularly 0,1 to 0.2 mg 
was excreted by the partner in the first 6 
hours. The values tended to increase when 
repeated after 5 days, probably due to the 
development of an anastomosis of the cir- 
culations. 

In 15 e.xperiments the peritoneal cavity 
of a single nephrectomized rat ivas continu- 
ously irrigated with Tyrode’s solution. Al- 
though the life of the nephrectomized rat 
was not lengthened over that of the nephrec- 
tomized control the nonprotein nitrogen re- 
mained at values between 75 and 100 mg %. 
Absorption of fluid took place and death ap- 
parently was due to increased pleural fluid, 
and pulmonary edema. 

Conclusion. These e.xperiments demon- 
strated the efficiency of the peritoneal mem- 
brane as a mode of excretion in renal insuf- 
ficiency. The effectiveness of the natural 
dialyzor provided by coelio-anastomosis sug- 
gests the feasibility of developing an artifi- 
cial dialyzing mechanism. 
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“Dietary Factor” in Necrotizing Arteritis in Dogs a Lipid Substance.* 

Russell L. Holxian and AIargaret C. Swanton. 
iTrom the Department of Pathology, University of Xorth Carolina, Chapel Sill, and the 
Department of Lahoratories, JFatts Sospital, Durham, X.C. 


During the past several years arterial le- 
sions affecting principally the large elastic 
arteries (aorta, pulmonary artery, endo- 
cardium of the left auricle, and coronary 
arteries) have been produced with regularity 
by controlling 2 factors, diet and renal in- 
sufficiency.* The arterial lesions have been 
described and illustrated in previous pub- 
lications, and the evidence for a dietary 

* Thi.s work w.os .aiilecl by .T grant from The John 
amt Mary R. M.-irkle Fouiiilation. XVc are indebted 
to Distillation Products, Inc., for the crj'staUino 
vitamin A and vitamin D used in these studies. 

I UoUuaii, R. L., .Im, J. Path., 19il, 17, 359; 
-Iiii. ./. Path., 1943, ID, 977. 


factor has been reviewed in a recent publica- 
tion.* 

In this paper is presented -a summary of 
the data obtained from systematically test- 
ing the ingredients of the “standard diet” 
which was being fed at the time these un- 
anticipated lesions were first encountered. 

Method. The methods have been detailed 
in a previous publication.* Briefly, these 
consist of feeding a specified diet for a spe- 
cified period of time (usually 8 weeks or 
longer), then damaging the kidneys (usual- 
ly with heavy metal injury), and e.xamining 
the arterial system both grossly and histo- 
logically when the animals die or are sac- 
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TABLE L 


Influence of Diet on Iiieifleiiee of Arterial Lesions EoHowiag Kidney Damage. 




No. witU lesions 


Biet 

Weeks* 

No. in group 

% positive 

Standard {G% C.L.O.) 

8-22 

26/30 

S6.7 

Kennel 

? 

5/111 

4.0 

Kennel C.L.O. 

8-15 

22/25 

88.0 

Standard (corn oil substituted for C.L.O.) 

8-13 

0/6 1 

0.0 


* Weeks of dietary feeding before production of kidney damage, 
t One dog in this group had extensive necrotizing arteriolitis. 


rificed (usually days or weeks after the renal 
injury) . 

“Standard diet,” the diet that was being 
fed at the time these unanticipated lesions 
were first encountered, consisted of calves’ 
liver (raw ivet weight), 32 parts; cane sugar, 
25 parts; corn starch, 25 parts; butter, 12 
parts; and commercial cod liver oil (USP 
XI~vitamin A, 850 I.U. per g, and vitamin 
D, 85 I.U. per g), 6 parts. Enough tomato 
juice was added to make a paste of which 
each gram contained 3 calories. The diet 
was fed in amounts to furnish 75 calories 
per kg per day. Five grams of kaolin and 
1 g of salt mi.xture were added to each day’s 
diet. Essentially, this is a low protein diet 
with only 1% of its caloric value derived 
from protein, 43 fo from fat, and 50% from 
carbohydrate. With the “alterations” in this 
diet, i.e., doubling, halving, or omitting dif- 
ferent ingredients of the diet, care was taken 
to keep it isocaloric. 

“Kennel diet,” unless otherwise specified, 
consisted of selected table scraps from the 


University dining halls. 

Both of these diets were kept in a re- 
ImerateA room (3S-40‘’F) and were fed in 
a^reasonably fresh condition. In other 
words, there was no reason to suspect rancidi- 
ty or other forms of spoilage. 

Renal injury was usually produced by 
minimum lethal dosage of heavy metal which 
in the case of uranium nitrate, 

S 0 mg of uranyl nitrate per kg of body 
weight injected subcutaneously m the hy- 
Sondrium in 0.5% aqueous solution, and 
?n the case of mercuric chloride, consisted 
f I n ma per kg body weight injected in- 


veins in 0.1% aqueous solution. 

Results. In this preliminary report the 
detailed data obtained from doubling and 
halving the various ingredients of the stand- 
ard diet are omitted, and all of the pertinent 
data to date are combined in one simplified 
table (Table I). Suffice it to say that all 
the negative as well as all the positive data 
that have been obtained point to something 
of lipid nature that (in dogs at least) has 
to be fed for a period of 8 weeks or longer 
before e.vperimentally-induced kidney dam- 
age is regularly followed by arterial lesions. 

Analysis of the data in Table I yields 3 
types of evidence: (J) definite evidence for 
a dietary factor: (2) evidence that the di- 
etary factor is contained in commercial cod 
liver oil; and (3* evidence that the dietary 
factor is not unique to cod liver oil — the 
finding of typical arterial lesions in 5 con- 
trol dogs, i.e. dogs fed only kennel diet for 
an indefinite period before their kidneys were 
damaged, all occurred during an 18 -month 
period when kennel diet consisted of beef 
bones with much adherent fat;- and the dog 
fed corn oil instead of cod liver oil that had 
e.xtensive necrotizing arteriolitis is addition- 
al evidence that the dietary factor is not 
unique to cod liver oil. Ail the data im- 
plicate a substance (or substances) of lipid 
nature. The dietary factor is heat stable, 
is not readily o.xidized, is not vitamin A, 
and is not vitamin D. Studies designed to 
further identify the dietary factor are in 
progress. 

Comment. There is one important dif- 
ference between these studies and previous 

2 Holman, R. L., J . Exp . 3 icd ., 1943 , 81 , 393. 
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one 5 “ on arterial lesions related to cod liver 
oil — renal insuficiency. The manner in 
which renal insufficiency is produced (heavy 
metal injury, bilateral nephrectomy,^ Lepto- 
spira canicola^ is relatively unimportant, but 
some degree of renal damage is essential. 

SAgduhr, E., and Senstrom, X., The Appearance 
of Vie Eleetrocardiograin in Heart Lesions Pro- 
duced by Cod Liver Oil Treatment, Uppsala, 
Alniguist and tViksells, 1930 ; Cowdry, E. V., 
Arteriosclerosis, New York, The ilacmillau Co., 
1933. 

I Holman, E. L., -tin. J. Path., 1943, 19, 159. 

^ Holman, K. L., unpublished data. 


The -‘standard diet” or kennel diet plus cod 
liver oil can be fed to dogs indefinitely (at 
least as long as a year) and no arterial 
lesions are ever observed until renal func- 
tion is disturbed. This emphasizes the role 
of the kidney in the internal metabolism of 
the “dietary factor,” w’hich presumably is 
lipid in nature. 

.As time goes by, ive gain confidence that 
arterial lesions can be produced with regu- 
larity in dogs by controlling 2 factors, (1) 
diet and (2) kidnej^ damage; that both 
factors are necessary, and that only these 2 
factors are involved. 
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Pigment Studies on the Incisor Teeth of Vitamin E Deficient Rats of 
the Long-Evans Strain.* 

Ira R. Telford. (Introduced by Joseph H. Roe.) 

From the Department of Anatomy, The George Washington University, School of ilcdicine, 

Washington, D.C. 


Several investigators^'® have reported that 
vitamin E deficient rats, over a period from 
45 to 222 days, lose their natural brownish 
yellow pigment of the maxillary incisor teeth. 
During the past 9 years we have had occa- 
sion to examine several hundred vitamin E 
deficient rats of the Long-Evans strain. Al- 
though we did not check specifically for ab- 
normal white incisors, we feel reasonably 
sure that such an obvious change in the 
pigmentation of the teeth would not have 

* Aided by a grant from the Milbank Memorial 
Fund of New York. The following materials were 
generously contributed: brewers’ yeast by The 
Vitamin Food Company of Newark, N.J., and the 
cod liver oil by E. E. Squibb and Sons of New 
York City. 

1 Dam, H., and Gnmados, H., Science, 1945, 
102, 327. 

- Davis, A. AV., and Moore, T., Hature, 1941, 
147, 794. 

3 Granados, 11., and Dam, H., Science, 1945, 
101, 250. 

I Granados, H., .and Dam, H., Proc. Soc. Exp. 
Biol, .vnd Med., 1945, 750, 295. 

3 Aloore, T., Biochem. J., 1943, 37, 112. 


passed entirely unnoticed. To check ac- 
curately this depigmentation phenomenon in 
our strain of rats, the following e.xperiment 
was conducted. 

Procedure. Four groups (Groups 3, 5, 9, 
II) of rats were maintained on our vitamin 
E deficient Diet No. 5l for either 310 or 
460 days. Other groups (Groups 1, 7) were 
given Mason’s vitamin E deficient Diet No. 
69* for 130 days. Each of these groups 
was compared with normal control groups 
fed a commercial dog biscuit diet plus bi- 


1 Diet No. 5: 


Casein (commercial) 

24.0 

Cornstarch (uncooked) 

35.0 

Salts No. 2 

5.0 

Lard 

20.0 

Cod Liver Oil 

2.0 

Brewers’ Yeast 

10.0 

Cellulose Flour 

4.0 


All diet ingredients, except the cod liver oil, were 
mixed and tlien allowed to stand at room tempera- 
ture for 2 weeks. The cod liver oil was added 
just before feeding. 
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TABLE I. 

Maxillary laeisor Pigment Obserirations in Vitamin. E-Defleient Eats. 

(All rats were placed on the experimental diets at 21 days of age. The figures in the 
parenthesis represented the range of pigment values within each group. The unit 10 repre- 
sented the maximum amount of normal pigmentation. Variations of the groups considered 
significant if P — 0.05 or less.) 


Group 

Diet 

Days on 
diet 

No. in 
group 

Mean degree of 
pigmentation 

S.B. P. 



Females. 



1 

E-Deficient No. 69 

130 

14 

6.4 

(6-9) 

0.26 

>0.03 

2 

Normal 

130 

12 

7.0 

(6-8) 

0.23 

3 

E-Defieient No. 5 

310 

18 

7.3 

(6-10) 

0,13 

<0.01 

4 

Norni.al 

310 

13 

8.5 

(6-10) 

0.17 

0 

E-Dcfieient No. 5 

460 

8 

6,8 

(6-8) 

0.14 

<0.01 

G 

Normal 

Males 

7 

8.4 

(6-10) 

0.27 

7 

E-Defieient No. 69 

130 

11 

7.0 

(5-8) 

0.27 

>0.05 

8 

Normal 

130 

IS 

7.6 

(5-8) 

0.21 

<1 

E-Defieient No. 5 

310 

15 

7.5 

(6-9) 

0.11 

>0.1 

10 

Normal 

310 

10 

T.8 

(5-10) 

0.19 

11 

B-Defieient No. 5 

460 

4 

7.2 

(5-9) 

0.27 

>0.1 

12 

Normal 

- 460 

0 

(6-S) 

0.14 


weekly supplements of fresh lettuce, During 
the last 60 days of the e.xperiment the amount 
of pigmentation was carefully estimated with 
the use of a color chart with values 1 to 10. 
The value 10 representing an incisor tooth 
with a dark brown pigmentation, and the 
value 1 representing a chalky white incisor 

devoid of any pigment. _ 

Resjilts. The male rats in all groups a 
the termination of the experiment had almost 
identically the same degree of mn 

in the maxillary incisors regardless of the 
diet used. The female rats, however, did 


‘Mason’s Diet 

Casein (eommeroial) 
Coinatareh (uncooked) 
Salts (Subbell’s) 
Lard , 

Brewers’ Yeast 
Cod Liver Oil 


20.0 

50.0 

2.5 

18.0 

7.5 
2.0 


show some slight variatimi. In the deficient 
animals the upper incisors were slightly less 
pigmented than in the control group. The 
largest variation was found in Groups 3 and 
5 (Table I). The maxillary incisors of the 
control group had an average reading of 
8.5, 8.4 as compared to 7.3, 6.8 of the de- 
ficient animals respectively. This is a sig- 
nificant difference but does not remotely ap- 
proach the almost complete depigmentation 
in E deficient albino rats held on the vitamin 
E free diet for only 45 days as reported by 
Granados and Dam.® 

The mandibular incisors in the deficient 
animals of both sexes uniformly had slightly 
higher pigmentation readings than the con- 
trol rats. The greatest difference was in 
the 310-day-old male animals (Groups 9, 
10). The deficient male group had a read- 
ing of 3.4 while the male control group had 
only a 2.3 reading. These were not sig- 
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nificant differences. 

Discussion. It was obvious that our strain 
of rats was not showing the striking de- 
pigmentation phenomenon reported by other 
investigators. Several factors were investi- 
gated for an e.xplanation for our findings. 
At the onset of this e.vperiment we felt that 
the type and amount of iron used in the 
different diets might account for the dis- 
crepancies, since ferric iron is the cause of 
the pigment color.^-*-^ Our Diet No. 5 con- 
tained 155 mg of ferric alum citrate per 
100 g of diet. Mason’s Diet No. 69 con- 
tained 50 mg of ferric phosphate per 100 g 
of diet. Since the rats on the latter diet 
(Groups 1, 7) failed to develop any signi- 
ficant depigmentation, we concluded that 
neither the differences in the iron compounds 
nor the unequal amounts of iron consumed 
by the rats were the determining factors in 
the failure of our rats to manifest any sig- 
nificant depigmentation of their incisors. 

The presence of highly unsaturated fatty 
acids in the diet is a predisposing factor for 
depigmentation.^ Beth of the deficient di- 
ets, however, had equal amounts of cod liver 
oil and only slight differences in lard con- 
tent (18-20%). Diet No. 5, however, had 
a shelf age of 2 weeks and was, therefore, 
slightly rancid upon feeding. In contrast. 
Diet No. 69 contained only fresh lard as it 
was prepared weekly and fed immediately to 
the animals. The fluctuation in the amounts 
of unsaturated fatty acids due to the in- 
cipient rancidity in Diet No. 5 is probably 
negligible. We believe, therefore, that the 
failure of our vitamin E deficient rats to 
show marked depigmentation of the max- 
illary incisors is not due to any obvious diet 
differences. j\ge and sex differences in our 
animals and those of other workers were not 
determining factors since our observations 
were on both sexes and the duration of our 
e.xperiment equaled or exceeded that of the 
previous investigators. 

The factor responsible for this disagree- 
ment with other workers on this problem is 
probably due to the difference in strain of 
our animals. -All investigators, except one, 
reporting this peculiar depigmentation used 
albino rats. (Aloore’’ used both albino and 


piebald rats) . Our rats were inbred hybrids. 
The strain was started by Dr. Long in 1908 
from a wdld male grey rat and 2 tame albino 
rats.® The inbreeding of this hybrid strain 
may be the determining factor as it seems 
to be the only important variable not al- 
ready accounted for. While no data are 
available on the effect of vitamin E defi- 
ciency on the wild grey rat, a recent note 
from Granados, et al.~' claimed that Syrian 
hamsters showed a greatly delayed depig- 
mentation pattern as compared to the albino 
rat. They also reported that the Florida 
cotton rat showed no loss of incisor pigment 
after 150-180 days on an E-deficient diet. 
Thus this latter “wild” rat reacted to the 
deficiency in much the same manner as did 
our hybrid “wild” strain rats. It might be 
possible that these “wild” strains of rodents 
have the capacity to either manufacture or 
retain greater amounts of this tooth pigment 
than do the long established domesticated 
strains. Furthermore, Irving® also reported 
no depigmentation in the incisors of 3 fe- 
male rats after 167 days on an E-deficient 
diet. Unfortunately, however, he did not 
indicate the strain of rat used. 

Conclusions. 1. Vitamin E deficient rats 
of the Long-Evans strain did not show the 
extensive depigmentation of the maxillary 
incisors as reported by the other investigators. 
2. Female rats maintained on an E-deficient 
diet for 310 days or longer gradually de- 
veloped a slight incisor depigmentation that 
was statistically significant. Alale rats on 
similar diets failed to manifest a significant 
change. 3. A comparison of diet differences, 
sex and age variations in our animals and 
those of other workers failed to provide an 
adequate explanation for our contradictory 
results. 4. It is suggested that a genetic 
difference between the Long-Evans and al- 
bino strains of rats may be the e.xplanation 
for the failure of the former strain to show 
the maxillary incisor depigmentation earlier 
reported in vitamin E deficient albino rats. 

•* Loll", .1. A., personal coniniunieation. 

" Granados, It., Mason, K, E., and Dam, H. 
(I’roi-, UUtj Meetin<; Internatiaual A.ssociation for 
Dental Rcseareli), Denial Jlncarcli, in press. 

* Irving, , 1 . T., .Vutare, 1042, 150, 122. 
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Gonadotrophic Hormone Secretion in Immature Hypophysectomized 

Parabiotic Rats.* 


Clyde Biddulph and Roland K. Meyek. 

From ihe Department of Zoology, University of Wisconsin, Madison. 


Following gonadectomy of one parabiotic 
rat of adult pairs, the other partner develops 
constant vaginal estrus if it is a female.*-- 
Likewise constant estrus appears in the hy- 
pophysectonuzed partner of adult hypophy- 
sectomized parabiotic rats following gonadec- 
tomy of the other parabiont.-'® In order 
to gain information concerning the kind and 
relative amount of gonadotrophic hormone 
released into the blood following gonadec- 
tomy in immature rats, e.xperiments were 
designed in which parabiotic rats of both 
sexes were h)^physectomized and at the 
same time their parabiotic mates were 
gonadectomized. The gonad response of the 
hypophysectomized partner was used as the 
end-point in determining the nature of the 
pituitary secretion. 

Materials and Methods. Littermate rats 
weighing 70 g or more were united in para- 
biosis at 31 to 33 days of age. The opera- 
tive technic was that described by Bunster 
and Meyer,® e.xxept that metal skin clips 
were used instead of silk sutures in closing 
the skin incisions. On the 6th day after the 
animals were united, the left partner was 
hypophysectomized and the right partner 
was gonadectomized. All operations were 
performed under sterile conditions and under 
ether anaesthesia. 

The majority of the animals were autop- 


* This work was supported in part by a grant 
from t!ie Wiseoiisin Alumni Eesoarcli Poundation. 

1 Hill, B- T., /. Zxp. Zool., 1932, 63, 203. 

2 jlej’er, E. K., and Biddulph, C., Am. J. Physiol, 
1911 134, 141- 

swiischi. E., and Levine, W. T., Paoc. Soc. Exp. 
^'rAIoX-Cluistel^et Ada Path, et Microbiol. 

and Witsehi, E., Peoc. Soc. Exp. Biol, axb Hep.. 

E., and Meyer, E. K-, Aaat- Sec., 1933, 


57, 


339. 


sied on the 1 1th day following the hypophy- 
sectomy-gonadectomy operation. The re- 
mainder were killed between the 3rd and S3rd 
days following this operation. At autopsy 
the gonads and accessories were removed and 
weighed. The ovaries were e.xamined by the 
use of transmitted light to determine the 
qualitative response and the sella turcica was 
examined under binoculars and checked with 
the operation notes for completeness of the 
hypophysectomy. 

Results and Discussion. The data reported 
in Table I give the weight and qualitative 


TABLE I. 

Ovarian Hesponse of Hypophysectomized-Castrated 
Parabiotic Eats. 


Hypophysectomized partner 

Xo. days , — — i 

Se.x of hypophy- Ovarian Qualitative 

pairs scetouiized wt, mg* response 


3 

29 

Follicles 

5 

26 

it 

6 

32 

a 

7 

26 

)t 

7 

33 

3i 

7 

13 

M 

9 

24 


9 

36 


10 

32 

>} 

10 

11 

if 

13 

13 

if 

17 

11 

it 

4 

26 

3> 

8 

31 

J) 

10 

50 

It 

10 

23 

iJ 

10 

37 

)i 

10 

40 

if 

10 

30 

>i 

53 

59 

it 


The average ovarian weight of single hypophy- 
sectomized control rats after being hypopliysec- 
tomized for 10 days was 4.0 rag. 


response of the ovaries of the hypophysec- 
tomized female following gonadectomy of 
Its female or male partner. It will be noted 
that within 3 days following gonadectomy 
sufficient gonadotrophic hormone appeared in 
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the bloodstream to give a substantial ovarian 
response in the hypophysectomized female. 
This indicates that the pituitary gland in- 
creases its output of gonadotrophic hormone 
very soon after the gonads are removed. 
Regardless of the sex of the gonadectomized 
animal follicles only were present in the 
ovaries of the hypophysectomized female, 
at least for a period of S3 days following 
gonad removal. From this evidence it fol- 
lows that FSH was released from the an- 
terior pituitary gland of the gonadectomized 
rat and that it passed via the circulation to 
the hypophysectomized parabiont where the 
ovaries were either maintained at their pre- 
hypophysectomy level or were stimulated to 
develop follicles and to increase in size. 

The question arose as to whether or not 
the ovaries contained only follicles because 
FSH was the only gonadotrophic hormone 
released from the pituitary gland or whether 
this was due to a refractory or unresponsive 
state of the ovaries of the hypophysectomized 
partner to LH. That the former is more 
likely true is indicated by the presence of 
corpora lutea in the ovaries of the hypo- 
physectomized partner of one pair (not in- 
cluded in Table I) in which a fragment of 
pituitary gland remained in the sella turcica 
at the time of autopsy, the supposition be- 
ing that the LH producing the luteinization 
came from this pituitary fragment. That 
the ovaries of the hypophysectomized part- 
ner were not refractory to LH is indicated 
by the results of e.xperinients reported pre- 
viously in adult hypophysectomized pairs- and 
in the accompanying paper,' which show that 
LH injected into a normal or a gonadectomized 
parabiont produces luteinization in the ovaries 
of its hypophysectomized mate. 

From the above evidence it appears that 
LH is not released from the pituitary gland 
of a gonadectomized parabiotic rat during 
the early stages of castration, or if it is re- 
leased, the concentration does not reach a 
sufficiently high level in the nongonadec- 
tomized partner to produce luteinization of 
the stimulated follicles of that rat. It would 

~ Mi'ycr, It. K„ BidiUilph, C., and ilcShan, 
W. II., I’l’.oc. Soc. Exp. Biol, .vxd Med., 1940, 
«3, 9S. 


seem then that the luteinization of the ovaries 
of the intact parabiont which follows 
gonadectomy of the other rat, which has 
been reported in previous papers from this 
laboratory®-^^ and by others, is produced by 
LH from the pituitary gland of the intact 
rat. Evidently the stimulus effecting release 
of LH is the estrogen produced by the large 
stimulated ovaries of the intact rat, the FSH 
originating from the pituitary gland of the 
gonadectomized rat. However, it should be 
noted that the injection of estrogen into 
adult parabiotic rats does not cause the re- 
lease of LH from the castrate pituitary 
gland .- 

Hellbaum and Creep*- have reported that 
the pituitary gland of normal adult female 
rats contains relatively large amounts of LH, 
and that of normal males is relatively de- 
ficient in this factor. Following castration 
the presence of LH in the pituitary of male 
rats becomes definitely evident about 20 
days after gonadectomy as judged by assay 
of their pituitary glands. One of our female- 
male pairs was allowed to live for 53 days, 
but during this time only follicular stimula- 
tion was evident in the ovaries, which indi- 
cates that LH was not released by the 
pituitary gland, or if it was released the con- 
centration did not reach a high enough level 
to produce luteinization. 

Table II presents the results obtained 
when the hypophysectomized and gonadec- 
tomized parabionts were both males. It will 
be observed that there is considerable varia- 
tion among the pairs in the weight of the 
testes, seminal vesicles and prostate of the 
hypophysectomized partner. Comparison of 
average weights of these structures with the 
corresponding average weights of normal ani- 
mals indicates that there was some decline 


s Meyer, B. K., and Ilertz, B., -Im. J. Physiol., 
1937, 120, 232. 

D Hertz, B., and Meyer, B. K., Endocrinology, 
1937, 21, 756. 

i« Biddulph, C., Meyer, B. K., and Gumbrcck, 
L. G., Endocrinology, 1940, 20, 2S0. 

11 Biddulpli, C., Meyer, B. K., and Gumbrcck, 
L. G., ./. Exp. Zool., 1941, 88, 17. 

1- Hellbaum, .1. and Greep, B. 0., Psoc. Soc. 
E.XI-. Biol. .\.\d Med., 193S, 38, 902. 
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Following gonadectomy of one parabiotic 
rat of adult pairs, the other partner develops 
constant vaginal estrus if it is a female.*- 
Likewise constant estrus appears in the hy- 
pophysectomized partner of adult hypophy- 
sectomized parabiotic rats following gonadec- 
tomy of the other parabiont.--'* In order 
to gain information concerning the kind and 
relative amount of gonadotrophic hormone 
released into the blood following gonadec- 
tomy in immature rats, e.vperiments were 
designed in which parabiotic rats of both 
se-Yes were hypophysectomized and at the 
same time their parabiotic mates were 
gonadectomized. The gonad response of the 
hypophysectomized partner was used as the 
end-point in determining the nature of the 
pituitary secretion. 

Materials and Methods. Littermate rats 
weighing 70 g or more were united in para- 
biosis at 31 to 33 days of age. The opera- 
tive technic was that described by Bunster 
and Meyer,® exxept that metal skin clips 
were used instead of silk sutures in closing 
the skin incisions. On the 6th day after the 
animals were united, the left partner was 
hypophysectomized and the right partner 
was gonadectomized. All operations were 
performed under sterile conditions and under 
ether anaesthesia. 

The majority of the animals were autop- 

* Tills work was supported in part by a grant 
from tile Wisconsin Alumni Besearcii Foundation. 

1 Hill, B. T., /. Exp. Zool, 1933, 63, 203. 

2 Jleycr, B. K,, and Biddnlpli, C., Jni. J. Physiol., 
1941, 134, 141. 

3 AVitselii, E., and Lerino, W. T., Psoc. Soc. Esp. 
Biol, asd JIed., 1934, 32, 101. 

4 Holler-Christenaen, E., Acta Path, et Hicrobiol. 


sied on the 11th day following the hypophy- 
sectomy-gonadectomy operation. The re- 
mainder were killed between the 3rd and 53rd 
days following this operation. At autopsy 
the gonads and accessories were removed and 
weighed. The ovaries were e.varained by the 
use^ of transmitted light to determine the 
qualitative response and the sella turcica was 
e.vamined under binoculars and checked with 
the operation notes for completeness of the 
hypophysec tomy . 

Results and Discussion. The data reported 
in Table I give the weight and qualitative 


- . ^ TABLE 1. 

Ovanaii Hespojise 


No. days 

Hypopiiysectomized p.irtMr 

Sex of 

liypopliy- 

Ovarian 

Qualitative 

pnirs 

seetomized 

wt, mg* 

response 

9 9 

3 

29 

Follicles 


5 

26 

}} 


c 

32 

)J 


7 

26 

it 


7 

33 

a 


7 

15 

f) 


9 

24 

yj 


9 

36 

)) 


10 

32 

>} 


10 

11 

ff 


13 

13 

yy 


17 

11 

yy 

9^ 

4 

26 

a 


8 

31 



10 

50 

a 


10 

23 

yy 


10 

37 

}} 


10 

40 

ty 


10 

30 

yy 

* Tlio 

53 

59 

yy 


seetomized control rats kypopliy 

tomized for 10 days wS 4.?“g hypophyscc- 


Scand. (Suppl.), 1935, 22, 1. 

JDuShane, G. P., Levine, W. T., Pfeiffer, C. -A., 
and WitseJii, E., Proc. Soc. E.xp. Biol, axd Meb., 
1935, 33, 339. 

« Bunster, E., .md Jleyer, E. Iv., Anat. See., 1933, 
57, 339. 
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the bloodstream to give a substantial ovarian 
response in the hypophysectomized female. 
This indicates that the pituitary gland in- 
creases its output of gonadotrophic hormone 
very soon after the gonads are removed. 
Regardless of the sex of the gonadectomized 
animal follicles only were present in the 
ovaries of the hypophysectomized female, 
at least for a period of S3 days following 
gonad removal. From this evidence it fol- 
lows that FSH was released from the an- 
terior pituitary gland of the gonadectomized 
rat and that it passed via the circulation to 
the hypophysectomized parabiont where the 
ovaries were either maintained at their pre- 
hypophysectomy level or were stimulated to 
develop follicles and to increase in size. 

The question arose as to whether or not 
the ovaries contained only follicles because 
FSH was the only gonadotrophic hormone 
released from the pituitary gland or whether 
this was due to a refractory or unresponsive 
state of the ovaries of the hypophysectomized 
partner to LH. That the former is more 
likely true is indicated by the presence of 
corpora lutea in the ovaries of the hypo- 
physectomized partner of one pair (not in- 
cluded in Table I) in which a fragment of 
pituitary gland remained in the sella turcica 
at the time of autopsy, the supposition be- 
ing that the LH producing the luteinization 
came from this pituitary fragment. That 
the ovaries of the hypophysectomized part- 
ner were not refractory to LH is indicated 
by the results of e.xperiments reported pre- 
viously in adult hypophysectomized pairs- and 
in the accompanying paper,' which show that 
LH injected into a normal or a gonadectomized 
parabiont produces luteinization in the ovaries 
of its hypophysectomized mate. 

From the above evidence it appears that 
LH is not released from the pituitary gland 
of a gonadectomized parabiotic rat during 
the early stages of castration, or if it is re- 
leased, the concentration does not reach a 
sufficiently high level in the nongonadec- 
tomized partner to produce luteinization of 
the stimulated follicles of that rat. It would 

' Mi'vlt, It. K., Biddulph, C., and ^dcSban, 
IV. 11 ., I’noc. Soc. E.ve. Biol, .ixd Med., 

Iia, .nj. 


seem then that the luteinization of the ovaries 
of the intact parabiont which follows 
gonadectomy of the other rat, which has 
been reported in previous papers from this 
laboratory®"^^ and by others, is produced by 
LH from the pituitary gland of the intact 
rat. Evidently the stimulus effecting release 
of LH is the estrogen produced by the large 
stimulated ovaries of the intact rat, the FSH 
originating from the pituitary gland of the 
gonadectomized rat. However, it should be 
noted that the injection of estrogen into 
adult parabiotic rats does not cause the re- 
lease of LH from the castrate pituitary 
gland.- 

Hellbaum and Creep*- have reported that 
the pituitary gland of normal adult female 
rats contains relatively large amounts of LH, 
and that of normal males is relatively de- 
ficient in this factor. Following castration 
the presence of LH in the pituitary of male 
rats becomes definitely evident about 20 
days after gonadectomy as judged by assay 
of their pituitary glands. One of our female- 
male pairs was allowed to live for 53 days, 
but during this time only follicular stimula- 
tion was evident in the ovaries, ivhich indi- 
cates that LH was not released by the 
pituitary gland, or if it was released the con- 
centration did not reach a high enough level 
to produce luteinization. 

Table II presents the results obtained 
when the hjqiophysectomized and gonadec- 
tomized parabionts were both mates. It will 
be observed that there is considerable varia- 
tion among the pairs in the weight of the 
testes, seminal vesicles and prostate of the 
hypophysectomized partner. Comparison of 
average weights of these structures wdth the 
corresponding average weights of normal ani- 
mals indicates that there was some decline 


Meyer, K. K., .lud Ilertz, E., Jm. J. Physiol., 
1937, litO, 232. 

D Hertz, R., :iu<l Meyer, R. K., Endocrinology, 
1937, 21, 756. 

ID Biddulph, C., Meyer, R. K., and Gumbreek, 
L. G., Endocrinology, 1940, 20, 2S0. 

n Biddulph, C., Jleyer, R. K., and Gumbreek, 
I.. G., J. Exp. Zool., 1941, 88, 17. 

i- Hellbauni, .t. .V., and Creep, R. O., Peoc. Soc. 
Exi". Biol. Med., 193S, 88, 902. 



94 


Gonaboteophins xn Hypophysectomized Pakabioxic Rats 


Sex of 
pairs 


$$ 


TABLE II. 

Weights Obtained in Hypophyseetomized-Castrated Male Parabiotic Bats. 


Hypopliyseetoiruzed partner* Castrated partner 

(H>g) (rag) 


Mo. days 

f 



V 



A 

hypophysce- 


8em. 



Scm. 



tOHiized 

Testes 

Veaie. 

Brest. 

Adreict 

Vesie. 

Frost. 

Adren. 

10 

1738 

130 

177 

17 

10 

22 

28 

10 

1760 

92 

122 

12 

S 

8 

30 

10 

1212 

20 

51 

19 

7 

17 

39 

10 

1-138 

162 

172 

20 

12 

26 

25 

10 

1516 

129 

141 

24 

9 

27 

26 

10 

1900 

251 

166 

15 

12 

19 

30 

10 

382 

8 

22 

13 

7 

15 

25 

10 

1611 

25 

61 

15 

10 

12 

29 

10 

1256 

185 

178 

12 

10 

13 

32 

10 

1538 

161 

175 

20 

— 

— 

35 

10 

1913 

230 

281 

17 

7 

21 

34 

10 

1885 

160 

282 

16 

13 

25 

32 

10 

1357 

11 

32 

11 

33 

31 

33 

11 

645 

13 

22 

16 

S 

14 

39 

11 

2111 

375 

313 

12 

9 

16 

25 

Averages 

1471 

133 

147 

16 

9 

18 

31 


* The testis, seminal vesicle and trrostatc weights of 7 nornuil animals of the same age were 
2012, 101, and 170 mg, respectively 

t The average adrenal weight of single hypophysectomized control rats of the same age 
was 10 mg. 


in testis weight of the hypophysectomized 
partner, but that the accessory weights of 
this rat were appro.ximately the same as those 
of normal controls. Usually when there was 
a marked decline in testis weight in a given 
rat the accessory gland weights likewise de- 
clined, which shows that the endocrine func- 
tion of the testes decreases when the testes 
are not maintained by gonadotrophic hor- 
mones It should be emphasized that in 
every case the testes of the h^ophysec- 
tomized partner, regardless of their size and 
the size of the accessories, remained in the 
scrotum throughout the experiment. This is 
in agreement with the results of other work- 


The data obtained when the hypophysec- 
tomized partner was a female indicates that 
only FSH passed from the castrated male 
to the hypophysectomized partner. From 
the fact that neither the testes nor the ac- 
cessories of the hypophysectomized male 
underwent the typical 

top.phys.c..mg » .s li 

taring S»“<' fte nc,o«, 

SrTsTni" logical to assume that FSH also 


passed from the gonadectomized male to the 
hypophysectomized male in these experi- 
ments, or (2) that small amounts of LH 
•were also released from the pituitary gianil 
following gonadectomy of the male and that 
these small amounts were sufficient to stimu- 
late the interstitial cells of the testes to 
produce androgen, but were not enough to 
produce luteinization of the ovaries. The 
experiments reported in this paper on female- 
male pairs confirm the results of Creep'® on 
parabiotic triplets which demonstrated that 
the gonadotrophins secreted following gonad- 
ectomy of a male produce only follicles in 
the ovary and stimulate the testes and ac- 
cessory glands of the male. 

Cutuly, et al}* have reported experiments 

with adult hypophysectomized-castrated 

male parabiotic rats in which varying de- 
grees of gonadal and accessory maintenance 
in the hypophysectomized partner were ob- 
tained. Our results in immature am'mals are 
essentially the same as those reported by 

13 Greep, R, O., Prov. fjoc. Exp, Btoc. and Med., 
]!>40, 44, -JiU. 

lU-utuiy, K., MfCunagli, r>. R., ,.i„a CutuSy, 
E. 0., Enilvcrhwlogy, 1937, 21 241, 
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these workers in adult animals. 

The variation in ovarian, testis and acces- 
sory weights in the hypophysectomized part- 
ner may be a reflection of the degree to 
which the pituitary gland undergoes castra- 
tion changes following gonad removal. We 
have previously reported^^ that approximately 
11% of a large number of control parabiotic 
rats failed to undergo the typical ovarian 
enlargement following gonadectomy of one 
parabiont. The percentage of rats failing to 
show the typical castration changes in this 
study when the recipient parabiont was hy- 
pophysectomized is slightly higher (17%), 
which indicates that the gonads of hypo- 
physectomized rats respond less readily to 
gonadotrophic stimulation than those of nor- 
mal rats. 

Summary. Using immature hypophysec- 


tomized-gonadectomized parabiotic rats it has 
been demonstrated that following gonad re- 
moval in both sexes follicular stimulation only 
is obtained in the ovaries of the hypophysec- 
tomized parabiont for as long as 53 days fol- 
lowing the operation. If the hypophysectomized 
partner is a male, the testes are maintained 
in the scrotum and their average weight is 
somewhat less than that of normals, whereas 
the weight of the accessory glands is ap- 
proximately the same as that of normal ani- 
mals. 

.Appro.ximately 17% of the pairs failed to 
show any gonadal stimulation following the 
hypophysectomy-gonadectomy pro c e d u r e. 
This percentage failure is slightly greater 
than that occurring in nonhypophysec- 
tomized pairs. 
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It has been shown that following hypo- 
physectomy of an immature female para- 
biotic rat and gonadectomy of its male or fe- 
male partner only follicular stimulation is 
obtained in the ovaries of the hypophysec- 
tomized parabiont.^'- The question arose 
as to whether or not the ovaries of the 
hypophysectomized rat failed to become 
luteinized because they were unresponsive 
to luteinizing hormone (LH), or whether 
the condition of follicular stimulation was 
the result of a failure of LH to either be 
released from the castrate pituitary gland 
or to reach the ovaries in sufficient quantities 
to produce luteinization. In an effort to 

’ This work w:us supportecl iu part by a grant 
from the Wisooasiu Alumni Iti-soarch Foundation. 

I Biddulpli, C.. ai\d Moyer, R. K., I’lior. Soc. Kxf. 
Biol, .vnd Meo., lato, (t;5. ae. 

f IJroep, It. O., l*!!oc. .Soo. Exp. Bioi.. .ixii Meu., 
laio, - 1 -t, aiE 


gain information on this question, one para- 
biont of a group of parabiotic rats was hy- 
pophysectomized and the intact rat was in- 
jected with gonadotrophic hormone prepara- 
tions and the response determined in the 
ovaries of the hypophysectomized rat. 

Materials and Methods. Littermate rats 
weighing 70 g or more were united in para- 
biosis at 31 to 33 days of age. The opera- 
tive technic was that of Bunster and Meyer^ 
e.xcept that metal skin clips were used instead 
of silk sutures in closing the skin incisions. 
On the 6th day following parabiotic union 
of the animals one partner was hypophysec- 
tomized and the other was either gonadec- 
tomized or left intact. .All operations were 
performed under sterile conditions and under 
ether anesthesia. 

Within a few hours after the operation, 

a Bunster, E., and Meyer, R. K., .Iiuit. Ucc., 

laaa, r>7, s.ao. 
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TABLE ir. 


Weights Obtained in Hypophyseetomized-Castrated Alale Parabiotic Bats. 



No. day.s 
liypophysee- 
tomized 

Hypophysectomized partner*^ 

(mg) 

Castrated partner 
(mg) 

Sex of 
pairs 

Testes 

Scm. 

Vesic. 

Prost. 

Adren. t 

Sm. 

Vesic. 

Prost. 

Adreii. 

s s 

10 

1733 

130 

177 

17 

10 

22 

2S 

10 

1760 

92 

122 

12 

8 

8 

30 


10 

1212 

20 

51 

19 

7 

17 

39 


10 

1438 

162 

172 

20 

12 

26 

25 


10 

1516 

129 

144 

24 

9 

27 

26 


10 

1900 

251 

166 

15 

12 

19 

30 


10 

382 

8 

22 

13 

7 

15 

25 


10 

1611 

25 

64 

15 

10 

12 

29 


10 

1256 

185 

178 

12 

10 

13 

32 


10 

1538 

164 

175 

20 

— 

— 

35 


10 

1943 

280 

284 

17 

7 

21 

34 


10 

1885 

160 

282 

16 

13 

25 

32 


10 

1357 

14 

32 

14 

13 

34 

33 


11 

645 

13 

22 

16 

S 

14 

39 


11 

2141 

375 

313 

12 

9 

16 

25 


Averages 

1474 

133 

147 

16 

9 

18 

31 


* The testis, seminal vesicle and prostate weights of 7 normal animals of the same .age were 
2042, 101, and 170 mg, respectively 

t The aver.age adrenal weight of single hypophysectomized control rats of the same age 


was 10 mg. 


in testis weight of the hypophysectomized 
partner, but that the accessory weights of 
this rat were appro-xiraately the same as those 
of normal controls. Usually when there was 
a marked decline in testis weight in a given 
rat the accessory gland weights liketvise de- 
clined, which shows that the endocrine func- 
tion of the testes decreases when the testes 
are not maintained by gonadotrophic hor- 
mones. It should be emphasized that in 
every case the testes of the hypophysec- 
tomized partner, regardless of their size and 
the size of the accessories, remained in the 
scrotum throughout the experiment This is 
in agreement with the results of other work- 


^"^^he data obtained when the hypophysec- 
tomized partner was a female indicates that 
only FSH passed from the castrated male 
m tbe hypophysectomized partner. From 
the fact that neither the testes nor the ac- 
Ssories of the hypophysectomized male 
underwent the typical regressive changes of 
hypophysectomy, h « suggeste 
endogenous FSH ® ^ with the 

lowing gona , ; , 1 ,, scrotum, 


passed from the gonadectomized male to the 
hypophysectomized male in these experi- 
ments, or (2) that small amounts of LH 
were also released from the pituitary gland 
following gonadectomy of the male and that 
these small amounts v/ere sufficient to stimu- 
late the interstitial cells of the testes to 
produce androgen, but were not enough to 
produce luteinization of the ovaries. The 
e.vperiments reported in this paper on female- 
male pairs confirm the results of Greep*^ on 
parabiotic triplets which demonstrated that 
the gonadotrophins secreted following gonad- 
ectomy of a male produce only follicles in 
the ovary and stimulate the testes and ac- 
cessory glands of the male. 

Cutuly, et al}* have reported experiments 

with adult hypophysectomized-castrated 

male parabiotic rats in which varying de- 
grees of gonadal and accessory maintenance 
in the hj^pophysectomized partner were ob- 
tained. Our results in immature animals are 
essentially the same as those reported by 

IS Greep, E. O., Paor. Soc. Exp. Biol, and JIed., 
1340, 44, 214. 

n Cutuly, E., McCullagh, 11 . R., and Cutuly, 
E, C., ’Endocrinology, 1937, 21, 241, 
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these workers in adult animals. 

The variation in ovarian, testis and acces- 
sory weights in the hypophysectomized part- 
ner may be a reflection of the degree to 
which the pituitary gland undergoes castra- 
tion changes following gonad removal. We 
have previously reported^^ that approximately 
11% of a large number of control parabiotic 
rats failed to undergo the typical ovarian 
enlargement following gonadectomy of one 
parabiont. The percentage of rats failing to 
show the typical castration changes in this 
study when the recipient parabiont was hy- 
pophysectomized is slightly higher (17%), 
which indicates that the gonads of hypo- 
physectomized rats respond less readily to 
gonadotrophic stimulation than those of nor- 
mal rats. 

Summary. Using immature hypophysec- 


tomized-gonadectomized parabiotic rats it has 
been demonstrated that following gonad re- 
moval in both sexes follicular stimulation only 
is obtained in the ovaries of the hypophysec- 
tomized parabiont for as long as 53 days fol- 
lowing the operation. If the hypophysectomized 
partner is a male, the testes are maintained 
in the scrotum and their average weight is 
somewhat less than that of normals, whereas 
the weight of the accessory glands is ap- 
proximately the same as that of normal ani- 
mals. 

Approximately 17% of the pairs failed to 
show any gonadal stimulation following the 
h 3 ipophysectomy-gonadectomy pro c e d u r e. 
This percentage failure is slightly greater 
than that occurring in nonhypophysec- 
tomized pairs. 
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It has been shown that following hypo- 
physectomy of an immature female para- 
biotic rat and gonadectomy of its male or fe- 
male partner only follicular stimulation is 
obtained in the ovaries of the hypophysec- 
tomized parabiont.*’- The question arose 
as to whether or not the ovaries of the 
hypophysectomized rat failed to become 
luteinized because they were unresponsive 
to luteinizing hormone (LH), or whether 
the condition of follicular stimulation was 
the result of a failure of LH to either be 
released from the castrate pituitary gland 
or to reach the ovaries in sufficient quantities 
to produce luteinization. In an effort to 

* This work \v:us supported in part by a grant 
from tin- Wisconsin .Munini Itcscareli Foundation. 

I liiddulph, C.. and Meyer, It. Iv., t’lioi'. Soc. Exe. 
lliou .VXD Med., lU-Ki, «;$, y.'. 

- Creep, R. O., I’koo. Soo. Exi’. Biol, .vxd Med., 
IhlO, -I-l. ’214. 


gain information on this question, one para- 
biont of a group of parabiotic rats was hy- 
pophysectomized and the intact rat was in- 
jected with gonadotrophic hormone prepara- 
tions and the response determined in the 
ovaries of the hypophysectomized rat. 

Materials and Methods. Littermate rats 
weighing 70 g or more were united in para- 
biosis at 31 to 33 days of age. The opera- 
tive technic was that of Bunster and ileyer^ 
except that metal skin clips were used instead 
of silk sutures in closing the skin incisions. 
On the 6th day following parabiotic union 
of the animals one partner was hypophysec- 
tomized and the other was either gonadec- 
tomized or left intact. All operations were 
performed under sterile conditions and under 
ether anesthesia. 

Within a few hours after the operation, 

a Bunster, E., and Meyer, R. K., Jlec., 

1U;!3, .57, 339. 
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TABLE I. 

Injection of Gonadotiopliie Extracts into Hypophysectoiiiized Parabiotic Bats. 

Bight partner Left partner* 

Coudition of pair t ^ ■- > 

— ilaterial Days Sex of Ovarian 

X,yft Bight injected inj. pairs wt, mg Qua], response 


Hviioplivseetoniized Gonadectomized 

100 nig cq. per 

3 

$3 

24 

PoIHeles 


day LH H-t 

5 

9 i 

25 




7 

9 $ 

39 

j > 



7 

9 3 

46 

Foil, and 



10 

9 5 

21 

Follicles 



10 

9 S 

37 

} > 



10 

9 3 

7 

No. stim. 



10 

99 

9 

a if 



10 

9 9 

7 

j} }> 


100 mg eq. per 

10 

9 9 

97 

C. 


day LH 54 

10 

9 9 

04 

3} 33 



10 

9 9 

77 

ii } 3 



10 

9 9 

48 

33 33 

Ni.nnal 

1.2 cc cq. per 

s 

9 9 

48 

33 3 3 


day pregnancy 

10 

9 9 

40 

9 3 3 3 


urine prep. 

10 

9 9 

46 




10 

9 3 

50 

3 3 3 3 

Gonadectomized 

1.2 ec eq. per 

6 

9 3 

112 

33 33 


day pregnancy 

8 

9 3 

133 

33 33 


urine prep. 

10 

9 3 

185 

3 3 3 3 



10 

9 3 

179 

3 3 3 3 



10 

9 9 

117 

3 3 3 3 



10 

9 9 

103 

3 3 3 3 



10 

99 

153 

3 3 3 3 

Xoimal 

50 mg cq. per 

3 

9 3 

41 

Follicles 


day unfract. 

3 

9 3 

30 

> 3 


sheep pit. 

3 

9 3 

30 

33 



3 

9 9 

35 

> ) 



4 

9 9 

30 

3 3 



7 

9 3 

37 

Foil, and 



10 

9 9 

74 

C. L, 



10 

9 9 

78 

3 3 3 > 



10 

9 3 

99 

7 3 3 3 



10 

9 3 

55 

3 3 > > 



10 

9 3 

14 

3 3 >3 



10 

9 3 

49 

3 3 3 3 



10 

9 3 

60 

9 3 3 3 


100 mg eq. per 

10 

9 9 

157 

3 3 3 3 


day unfract. 






sheep pit. 






— of the hypophysectomized partner was 17 mg; that of the other para- 
biont was 32 mg. 


iniection of either LH, gonadotrophin pre- 

was injecceu normal narabiont for 

?',oTo’day°"S£™5 ““ I.yP«Pk>^»‘™ 

’J 5„„adecto»y_, Jte .ario.s dos«s «s») 
are recorded tn Table i. 


At autopsy the ovaries of the hypophysec- 
tomized partner were removed and e.xamined 
for their qualitative response and weighed. 
The adrenals of each partner were also dis- 
sected and weighed. 

Results and Discussion. The results of 
the gonadotrophic hormone injections are 
found in Table I. It will be seen that both 
male and female rats were gonadectomized 
or left intact and injected with the various 
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preparations, the hypophysectomized part- 
ner always being a female. No difference 
is apparent in the results obtained with each 
preparation regardless of whether the 
gonadectomized or intact partner was a male 
or female. 

The injection of LH54 produced an 
abundance of corpora lutea in each rat and 
the ovaries were heavier than those ob- 
tained with LH114. The latter prepara- 
tion was prepared by a different method, and 
corpora lutea were found in the ovaries of 
only one animal, probably because of the 
low luteinizing activity of the preparation. 

Injection of the pregnancy urine prepara- 
tion into the normal rat of hypophysec- 
tomized-normal pairs produced corpora lutea 
in the ovaries of the hypophysectomized rat 
in all cases, the average ovarian weight being 
41 mg. When the same preparation was 
injected into the gonadectomized partner of 
hypophysectomized-gonadectomized pairs it 
was found that corpora lutea were formed 
in the ovaries of the hypophysectomized rat 
in every instance, and the ovarian weight 
was much greater than before, the average 
being 140 mg. 

The response obtained with the pregnancy 
urine preparation is an interesting one, for 
reports in the literature indicate that this 
type of gonadotrophin is by itself ineffective, 
or relatively so in hypophysectomized rats.^"* 
Regardless of whether the injected rat was 
normal or gonadectomized the pregnancy 
urine gonadotrophin used in this study 
luteinized the ovaries of the hypophysec- 
tomized rat. 

The greater weight of the ovaries of the 
hypophysectomized-gonadectomized pairs 
was undoubtedly due to the greater stimula- 
tion of the ovaries by the combination of 
endogenous gonadotrophin from the gonadec- 
tomized rat’s pituitary' gland and injected 

I Ri'u-lu'rt, P. L.. Pcncharz, R. I., Simpson, It. E., 
Moyer, K., ami Evans, H. M., I’roc. Soo. Esi'. 
BlOU .\si) Mf.u., 1931, 28, S43. 

'• Reieliert, P. L., Peiieliarz, R. I., Simpson, M. E., 
Meyer, K., ami Evans, II. M., .Ini. J. Physio},, 
1932, 100, 157. 

'• Evans. 11. .M,, Meyer, K., ami Simpson, M. E., 
-Iin. J. PhysioJ., 1932, 100, 141. 


gonadotrophin. It seems probable that the 
follicles present in the ovaries of the hypo- 
physectomized partner of both types of pairs 
did not undergo involution immediately fol- 
lowing hypophysectomy, and since the in- 
jections of the pregnancy urine preparation 
were begun immediately after the operation, 
the follicles became luteinized. In addition, 
the ovaries of the hypophysectomized part- 
ner of the hypophysectomized-gonadec- 
tomized pairs were apparently stimulated to 
produce new follicles by FSH from the 
pituitary gland of the gonadectomized part- 
ner.’ The LH of the injected preparation 
acted on these stimulated follicles to pro- 
duce luteinization, and consequently a greater 
ovarian weight was found in these pairs. 

The injection of the unfractionated sheep 
pituitary preparation also produced luteiniza- 
tion of the ovaries of the hypophysectomized 
parabiont. In this group of animals the in- 
jections were made into the normal para- 
biont. greater ovarian weight was ob- 
tained in the hypophysectomized rat with 
a high dose of the preparation than with a 
low dose. 

Of interest is the fact that the adrenals 
of the hypophysectomized rat were partially 
maintained (weight 17 mg) by the adreno- 
trophic hormone from the nonhypophysec- 
tomized partner (adrenal weight 32 mg). 
The average adrenal weight of single hy- 
pophysectomized control rats of the same 
age was 10 mg. 

From the above data it would seem that 
the presence of only follicular stimulation 
in the ovaries of the hypophysectomized- 
gonadectomized parabiotic rats in the previ- 
ous study,’ is due to the fact that the 
gonadotrophin secreted in the early stages 
of gonadectomy is largely FSH, little or no 
LH being secreted. Furthermore, the 
ovaries of the hypophysectomized parabiont 
are responsive to LH if sufficient quantities 
are present. 

Summary. The injection of LH, gonado- 
trophin prepared from the urine of pregnant 
women, and unfractionated sheep pituitary 
e.stracts into the nonhypophysectomized part- 
ner produced luteinization in the ovaries of 
the hypophysectomized partner of either hy- 
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Jnicctioa of Gonadotropliic 


Condition of pair 


Sight partner 


Parabiotic Hats. 


Higiit 

fl} popJiYsectonuzed Gonadeetoinized 


Material 

injected 


Left partner* 


Days 

inj. 


Sox of 
pairs 


100 uig eq. per 
day LH lid 


Normal 


Gouadcctoniized 


100 mg cq. per 
day LII 5d 
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day pregnancy 
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injection of either LH, gonadotrophin pre- 
pared from the urine of pregnant women, 
or unfractionated (FSH and LH)) sheep 
pituitary e.xtracts was begun. Five-tenths 
cc of aqueous solution of the preparations 
was injected subcutaneously once daily into 
the gonadectomized or normal parabiont for 
3 to 10 days following the hypophysectomy 
and gonadectoniy. The various doses used 
are recorded in Table I. 


0^ *e hypophys 
for their^^'^*^"r'^ removed and e.vamir 
The adrcn'^r^ ilative response and weigh- 

found in Table r D w n k ' 
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preparations, the hypophysectomized part- 
ner always being a female. No difference 
is apparent in the results obtained with each 
preparation regardless of whether the 
gonadectomized or intact partner was a male 
or female. 

The injection of LH54 produced an 
abundance of corpora lutea in each rat and 
the ovaries were heavier than those ob- 
tained with LH114. The latter prepara- 
tion was prepared by a different method, and 
corpora lutea were found in the ovaries of 
only one animal, probably because of the 
low luteinizing activity of the preparation. 

Injection of the pregnancy urine prepara- 
tion into the normal rat of hypophysec- 
tomized-normal pairs produced corpora lutea 
in the ovaries of the hypophysectomized rat 
in all cases, the average ovarian weight being 
41 mg. When the same preparation was 
injected into the gonadectomized partner of 
hypophysectomized-gonadectomized pairs it 
was found that corpora lutea were formed 
in the ovaries of the hypophysectomized rat 
in every instance, and the ovarian weight 
was much greater than before, the average 
being 140 mg. 

The response obtained with the pregnancy 
urine preparation is an interesting one, for 
reports in the literature indicate that this 
type of gonadotrophin is by itself ineffective, 
or relatively so in hypophysectomized rats.^'® 
Regardless of whether the injected rat was 
normal or gonadectomized the pregnancy 
urine gonadotrophin used in this study 
luteinized the ovaries of the hypophysec- 
lomized rat. 

The greater weight of the ovaries of the 
hypophysectomized-gonadectomized pairs 
was undoubtedly due to the greater stimula- 
tion of the ovaries by the combination of 
endogenous gonadotrophin from the gonadec- 
tomized rat’s pituitary gland and injected 

■* Rl'iflu'rt, F. L., Pcnchurz, R. I.» Simpson, M. E., 
JUn’or, K., and i;vaus, H. Pkoc. Sor. Exp. 
Biol, and ito., 1P31,28, S43. 

'* Roicliort, F. L., Pt'iK'liarz, R. I., Simpson, M. E., 
^[over. K., ami Evans, II. M., Arn. J. Phf/sioh, 
1932, 100, 157. 

Evans, 11. M., Mvyor, K., and SimpMm, E., 
Am. J. Phiisiol., 1P32, 100, 141. 


gonadotrophin. It seems probable that the 
follicles present in the ovaries of the hypo- 
physectomized partner of both types of pairs 
did not undergo involution immediately fol- 
lowing hypophysectomy, and since the in- 
jections of the pregnancy urine preparation 
were begun immediately after the operation, 
the follicles became luteinized. In addition, 
the ovaries of the hypophysectomized part- 
ner of the hypophysectomlzed-gonadec- 
tomized pairs were apparently stimulated to 
produce new follicles by FSH from the 
pituitary gland of the gonadectomized part- 
ner.* The LH of the injected preparation 
acted on these stimulated follicles to pro- 
duce luteinization, and consequently a greater 
ovarian weight was found in these pairs. 

The injection of the unfractionated sheep 
pituitary preparation also produced luteiniza- 
tion of the ovaries of the hypophysectomized 
parabiont. In this group of animals the in- 
jections were made into the normal para- 
biont. A greater ovarian weight was ob- 
tained in the hypophysectomized rat with 
a high dose of the preparation than with a 
low dose. 

Of interest is the fact that the adrenals 
of the hypophysectomized rat were partially 
maintained (weight 17 mg) by the adreno- 
trophic hormone from the nonhypophysec- 
tomized partner (adrenal weight 32 mg). 
The average adrenal weight of single hy- 
pophysectomized control rats of the same 
age was 10 mg. 

From the above data it would seem that 
the presence of only follicular stimulation 
in the ovaries of the hypophysectomized- 
gonadectomized parabiotic rats in the previ- 
ous study,* is due to the fact that the 
gonadotrophin secreted in the earlj’ stages 
of gonadectomy is largely FSH, little or no 
LH being secreted. Furthermore, the 
ovaries ol the hypophysectomized parabiont 
are responsive to LH if sufficient quantities 
are present. 

Summary. The injection of LH. gonado- 
trophin prepared from the urine of pregnant 
women, and unfractionated sheep pituitary 
e.Ytracis into the nonh^-pophysectomized part- 
ner produced luteinization in the ovaries of 
the hypophysectomized partner of either hy- 
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pophysectomized-gonadectomized or hypo- 
physectomized-normal parabiotic rats. 

The results indicate that the failure of 
the ovaries of the hypophysectomized part- 
ner of hypophysectomized-gonadectomized 


pairs to develop corpora lutea is due to an 
insufficient secretion of LH follou-ing gonad- 
ectomy rather than to an unresponsive state 
of the ovaries of the hj-pophysectoniized 
animal. 
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Feather Growth Rates in Thyroidectomized Hens Following Administra- 
tion of Thyroxin.* 

Ben B. Blivaiss. (Introduced by L. V. Domm.) 

From the Whitman Laboratory of Experimental Zoology, The University of Chicago. 


The feather growth rates of normal fowl 
have been shown to be modified by the ad- 
ministration of thyroid*"^ as well as by estro- 
gens.^“ Although a general retardation in 
feather regeneration has been noted in spon- 
taneous" and e-v-perimental®''-* hypothyroid con- 
ditions in fowl, no measurements were pre- 
viously made on feather growth in the various 
body areas. Consequently we were interested 
in studying the effects of thyroid removal on 
feather growth in brown Leghorn hens and 
to see if thyroxin administration had the same 
effect on growth rates in athyroidic hens as 
follows its administration in normal indi- 
viduals. 

For the study of feather growth rates, 2S 

» Tliis investigation was aided by a grant from 
tlic Dr. Waiiaee C. and Clara A. Abbott Memorial 
Fund of Tlio University of Chicago. Grateful 
aeliuou-ledgment is made to Dr. h. V. Domra for 
his suggestions and interest during the prosecution 
of this ini-estigatiou. 

1 Toney, H. G., and Horning, B., Biol. Bull., 
1925, 49, 275. 

2 Domm, D. V., Znat. Bee., 1929, 44 (Suppl.), 


M., iiiid Barnes, B. O., Am. J. Physiol., 
98, 403. 

i Domm, U. V., /. ExP- Zool, 1927, 48, 31. 

5 Domm, L. V., and Gustovson, E. G., Anot. Sec., 
’9 44 (Suppl.), 228. 

tiulm, H.. Faulkner. G. H., and Gustarson, 
fi J Exp. Zool, 1931, •38, 69. 

TLiani W., ... 

T, 1 r F C S. Sac. Biol., 1924, 91, <bo. 
SParhou, C. f c- -«• “ t <3 Proe 

a Greenwood, A. W., and Blyth, J. S. S., Proe. 

oy. .ioc. mil., 1929. 313. 


papillae in 5 rows of S papillae each were se- 
lected and marked in comparable areas in 
each bird for each of the regions measured. 
Measurements were made at 2- or 4-day in- 
tervals on posterior breast, anterior breast, 
back and saddle. All individuals studied were 
adults and beyond 6 months of age. 

Regenerating feathers of adult thyroidec- 
tomized females, operated on or before 10 
days of age, did not become measurable until 
12 to 14 days after plucking as compared to 
9 or 10 days in normals. During the period 
of rapid growth, the breast and back feathers 
grew more rapidly than the saddle, as seen 
in their growth rates and lengths on the 48tii 
day (Table I). This is in marked contrast 
to the order of growth rates in normal hens 
where posterior breast and saddle feathers 
grow more rapidly thair back and anterior 
breast. Feather growth continued for a longer 
period in thyroidectomized hens than in nor- 


mals, Breast and back feathers revealed a 
lesser reduction in length and growth rate 
than the saddle. 

In view of the well-known feather growth- 
promoting action of thyroid preparations in 
norma) fowl, it seemed advisable to study the 
effects of various doses of thyro.xin on the 
slow-growing feathers of athyroidic hens. 

Injection of Q.s mg of thyroxin was fol- 
lowed by an increase in feather growth rates 
within 24 hours which persisted for 12 to 16 
days (Table II) . The maximum growth was 
attained between the 2nd and 4th days after 
injection when growth rates attained their 
normal level. With this as well as higher 
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TABLE I. 


Feather Growth ileasurements (in mm). 


Ftr. age 
days 


2 normal females 


6 complete thyroidectomized females 

Post. br. 

Ant. br. 

Back 

Sad. 

Post. br. 

Ant. br. 

Back 

Sad. 





Average length. 




12 

5.3 

5.4 

6.5 

6.3 

<1.0 

<1.0 

<1.0 

<1.0 

24 

32.4 

29.1 

33.3 

31.6 

9.8 

8.3 

8.0 

7.8 

35 

57.0 

55.5 

57.9 

57.1 

00.2 

20.4 

21.3 

17.5 

48 

77.1 

69.0 

73.9 

77.3 

33.9 

30.3 

32.7 

26.1 

60 

87.2 

71.7 

77.3 

87.0 

45.0 

38.0 

42.5 

33.1 

72 

89.9 

71.7 

77.0 

87.9 

52.7 

41.2 

50.6 

36.7 

80 





54.9 

42.1 

53.9 

37.5 




2-day growth increments. 




12-24 

4.0 

3.9 

4.0 

4.2 

1.6 

1.4 

1.4 

1.3 

24-36 

4.2 

4.4 

4.1 

4.2 

2.1 

2.0 

2.1 

1.6 

36-48 

3.3 

o o 

2.7 

3.4 

1.9 

1.7 

1.9 

1.4 

48-60 

1.7 

0.4 

0.6 

1.6 

1.8 

1.3 

1.6 

1.2 


ilodilications in Feather 

TABLE XL 

Growth Bates At.ef ihyroxin 
Hens. 

Administration 

in Thyroidectomized 

Dose, mg 

Days inj. A 

Ftr. areas 

Two-day growth rate increments in mil imeters 
Days measured post injection 

0.5 

42 


B-6-0 

0-4 

2-4 

0-12 




A-36-42 

42-48 

44-46 

42-54 



Ant. br. 

17 

3.7 

4.4 

3.0 



Back 

1.0 

3.0 

3.8 

3.0 



Sad. 

1.7 

3.1 

3.7 

3.1 

1.0 

19, 


R-6-0 

0-6 

6-14 

14-20 


26, 


A-13-19 

19-25 

25-33 

33-39 


33 

Post. br. 

2.3 

38 

3.9 

4.9 



Ant. br. 

2 2 

2.7 

5.2 

5.1 



Back 

1.9 

3.6 

4.0 

38 



Sad. 

1.0 

2.5 

4.0 

40 

1.0 

18, 


R-4-0 

0-6 

6-12 

12-18 


24, 


A-14-1S 

18-24 

24-30 

30-30 


30 

Post. br. 

»f «> 

4.2 

0.0 

5 0 



Ant. br. 

2.0 

2.7 

3.7 

45 



Brck 

2.3 

34 

o./ 

3.4 



Sad. 

2.2 

3.8 

4.8 

5.8 


B = Davs of mensurem nt in rcl'tion to injeetion time. 

A = Actual days of measurement based on feather age. 

Figures represent average of right and left feather areas in all ers s. 


doses, the increased growth rate persisted for 
a longer period in the saddle than in the 
other feather areas, indicating a lower thres- 
hold for saddle feathers. 

In an attempt to obtain normal growth 
rates for a longer period, larger doses of 
thyroxin were administered. With successive 
injections of larger doses, further acceleration 
of feather growth was obtained (Table II). 
After 2 administrations of 1.5 mg thyroxin 
with an interval of 6 days between injections, 
all areas attained or e.xceeded feather growth 
rates obser\'ed in normal hens. The posterior 


breast reached a higher growth rate than the 
other areas, though the period of accelera- 
tion was for a longer period in the saddle. 

.As a consequence of thyroidectomy in brown 
Leghorn hens there is a marked reduction in 
feather growth rates and an alteration in the 
order of growth-rate relations between the 
various body areas. .A decrease in estrogen 
production'" is probably responsible for the 

lOBlivaiss, B. B., and Domm, L. V., Anat. See., 
1942, 84 (Suppl.), 79. 

11 Wang, n., Phi/siol. Zoo!., 1945, 18, 335. 

!■- Blivaiss, B. B.. 194i3, unpublished data. 
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assumption in such individuals of a growth- 
rate order of feather areas typical of gonadec- 
tomized males®-^^’^ and females.^- The feath- 


er areas of athyroidic hens following thyroxin 
administration reveal the characteristic thres- 
hold differences. 
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Relaxation of the Pubic Symphysis in Guinea Pigs Following Injections 
of Desoxycorticosterone Acetate.* 

Frederick E. Emery. 

From the Department of Physiology and Pharmacology, University of Arhaiisas Medical School, 

Little Foci:. 


The recent reports^ on the concentration 
and purification of rela.xin have led to a re- 
newal of interest in the rela.xation of the pelvis 
symphysis of guinea pigs. It seems pro- 
gesterone acts on the uterus to release rela.xin, 
which acts on the pelvis and relaxes the 
symphysis pubis. Since progesterone and 
desoxycorticosterone induce similar responses, 
such as prolongation of life and growth 
in adrenalectonized animals,-”* progestational 
changes in the uterus^ and growth of the 
lobules of the mammary glands,® it seems 
likely that desoxycorticosterone could also in- 
duce relaxation of the pelvic symphysis of 
guinea pigs. This report contains data sup- 
porting this view. 

Methods. Forty-eight virgin oophorec- 
tomized guinea pigs were used in this study. 
They were injected as outlined below, and 
after a recovery period of at least 2 weeks, 
they were sometimes used again for these ex- 


*Besearcli paper No. 597, Journal Scries, Uni- 
ersity of Arkansas. 

iHisaw, F. L., Zarrow, M. X, Money, W. L., 
'almage, H. V. N,, and Akramowitz, A. A.. Undo- 

rinology, 19i^, 

2 Emery, F. E., and Scliwabe, E. L., Dndocrin- 

'Tgou^’e! «?Hays. H. W., Am. J. Physiol., 

U, and Emery, E. E., ProC. Soc. 
Exp. Biot, and itEO., 1939, 40, 383. 

5 Van Heuversuyv, J., Collins, V. J-, 

W. B., and Gardner, W. TJ., PROC. Soc. Exp. Biot. 

Turner, 0. W., Mdocrin- 

ology, 1942, 30, 706. 


periments. The estrogensl in the form of 
theelin, and stilbestrol, were given in olive 
and peanut oils, and injected subcutaneously 
daily, for 2 days. The site of injection was 
on the shoulder and back, as this area' gives 
less oil cysts than any other area commonly 
used for injecting oils. Four days after the 
estrogens were started, progesterone and 
deso.xycorticosterone acetate in olive oil were 
given, either intramuscularly or intraperi- 
toneally. 

Pelvic examination was gently carried out 
while the guinea pig rested quietly on one’s 
lap or knee. The state of pelvic rela.xation 
was determined by manual manipulation of 
the tuber ischi; these were held between the 
middle finger and thumb of each hand, while 
one of the fingers was pressed against the 
symphysis to determine the e.xtent of move- 
ment present. By this method, there was al- 
most no danger of mechanically forcing the 
pelvic ligaments to yield. The degree of 
movement was recorded from one to 4-{-, and 
those cases of 2-j- or more, were considered 
to be positive for pelvic rela.xation. Since the 
chief interest was to know whether the pubic 
symphysis was or was not relaxed, it seemed 
unnecessary to arrange the response into 
further gradations. 

Fluoroscopic examination was also carried 

t Appreciation for supplies ia recognized as 
follows: Theelin, Dr. Olircr Kamm, Parke, Davis 
and Comp.any; progesterone and desoxycorfcico- 
sterone acetate, Dr. Erwin Scliwenk. .Schcring Cor- 
poration. 

V Emery, P. E., Matthews, C. S., and Schwabe, 
E. li., J. lab. and Clin. Med., 1942, 27, 622. 
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TABLE I. 


Estrogens, 
No. of tests mg 

Progesterone, 

mg 

% 

positive 

Estrogens, 
Jfo. of tests mg 

Desoxycortico- 
sterone acetate, % 
mg positive 

10 

•2tU 

IVe 

70 

10 

2tli 

l*/e 

50 

5 

5 til 

I’/c 

to 

5 

-Stli 

!%• 

75 

7 

2-S 

IVa 

■20 

7 

2S 

IVe 

43 

10 

5 S 

li/„ 

40 

10 

5 S 

1% 

50 

5 

5S 

5 

100 

5 

5S 

5 

75 




Summary 




37 



5S 

37 



57 


Under estrogens in Column 2, tli — thecliii, S — stilbestrol. Tlie per cent of guinea pigs 
sliowing a positive relaxation of the imbic symphysis is shown in the last columu. Body weight 
range — 300 to uSO g. 


out, and this helped to confirm the amount 
of separation that occurred between the bones 
at the pubic symphysis. 

Results. The dosages of estrogens em- 
ployed were probably above the threshold 
necessary to prepare the uterus and pubic 
symphysis for the action of progesterone and 
desoxycorticosterone acetate. This is shown 
in Table I by the fact that the per cent of 
guinea pigs showing relaxation of the symphy- 
sis pubis, induced by 1.5 rag of either 
progesterone or desoxycorticosterone acetate, 
was about the same in animals primed with 
either 2 or S mg of estrogens. 

It will also be noted in Table I that there 
is no noticeable difference between pro- 
gesterone and desoxycorticosterone in bring- 
ing abiut relaxation of the pubic ligaments 
of guinea pigs. 

When the total dose of progesterone, or 
desoxycorticosterone is 5 mg, the relaxation 
response is obtained in almost all animals, but 
the degree of relaxation was not always maxi- 
mal. Likewise, much smaller doses some- 
times produced what may be called a maximal 
response. The degree of relaxation of the pubic 
symphysis in some of these guinea pigs was 
equal to that found in advanced pregnancy, 
as shown by both manual and fluoroscopic ex- 
aminations of the pelvis. 

Both progesterone and desoxycorticosterone 
induced changes in the mammary glands, suf- 
ficient for lactation, and in some cases, large 
milk drops were pressed from them. Some- 
times this was observed as early as 24 hours 
following the injection, but it usually occurred 
later, and as long as 4 days in one case. Al- 
though these time interv’als also fit the time 
necessary for relaxation of the pubic symphy- 


sis, the 2 phenomena seem unrelated and oc- 
cur independently of each other. 

Disaiss'ion. Previously® it was found that 
progesterone could substitute for desoxy- 
corticosterone acetate on an equal weight basis 
when tested on the growth curve of adrenalec- 
tomized rats. But as previously discussed, 
various investigations have found the dose of 
progesterone necessary to maintain life in im- 
mature adrenalectomized rats, varied from 1 
to 4 mg. 

In fact in the same volume of Endocrinology 
as the above citation, it was shown® that in 
cats the progestational action of progesterone 
was about 10 times that of deso.xycorticoster- 
one acetate. Changes in blood, sugar, and 
serum electrolytes also require larger doses 
than needed to maintain life in adrenalec- 
tomized animals.*®-’ ' In the present study it 
was sometimes found that in identically treat- 
ed guinea pigs some were well relaxed while 
others gave no response. Thus, it is apparent 
that on a weight basis these 2 compounds 
vary greatly in their different actions, and 
therefore, a conservative view of the data, 
(Table I), seems to be that deso.xycorticos- 
terone acetate can substitute for progesterone 
in the reaction involved in the loosening of 
the pelvic symphysis of the guinea pig, but 
that the exact dosages have yet to be de- 
termined. 

8 Emery, P. E., aud Greco, P. A., Endocrinology, 
1940, 2T, 473. 

0 Le.-itlivm, J. H., and Crafts, R. C., Endocrin~ 
ology, 1940, 27, 2S3. 

10 Harrison, 11. E., and Harrison, H. C., Proc. 
Soc. Ext*. BlOl.. A.N-D ilEC., 1939, -42, 50e. 

11 Thorn, G. tV., Howard, R. P., and Emerson, 
K., Jr., J. CUn. Invest., 1939, 18, 449. 
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Roentgenographic Studies of Human Gallbladder 


The palpatory method for determining the 
extent of relaxation of the pelvic symphysis 
is not very precise, although in experienced 
hands, the movement in the pelvic symphysis 
is readily felt. Fluoroscopic examination helps 
in determining a positive response, but it is 
doubtful if this method is as reliable as 
palpation. The X-ray has given additional 
data and, as judged from a recent report,^- 

i2HaU, K., and Nevftoii, W. H., J. Fhysiol., 
19L6, 10-i, 3d6. 


it is quite reliable in detecting changes in 
the pelvis of mice. 

Summary. In oophorectomized guinea pigs 
primed with estrogens, desoxycorticosteroae 
acetate can substitute for progesterone ia 
bringing about relaxation of the pubic sym- 
physis. Only a few animals showed a degree 
of relaxation comparable to that obtained in 
advanced pregnancy. Milk seaetion was ob- 
tained in many of these guinea pigs. 
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Roentgenographic Studies of the Normal Human Gallbladder. 

Bela Halpert, Peter E. Russo, and Vernon D. Cushing. 

From the Departments af Fathology and Sadiology, The School of Medichie of the University 

of Oklahoma, Oklahoma City. 


This preliminary study was made to ascer- 
tain how the diminution in size of the gall- 
bladder shadow is accomplished following a 
fatty meal. 

Method. Twelve healthy individuals were 
chosen, 6 males and 6 females, aged 20 to 
27 years. Following a fat-free evening meal, 
3 g of Priodax (beta-(4-hydroxy-3,5-di- 
iodophenyl) -alpha-phenyl-propionic acid) was 
given orally.^ Only fruit juice, tea, black 
coffee, and water were allowed until 14 hours 
later. Then after a cleansing enema the first 
film (A) was taken. Following this a meal 
consisting of 8 ounces of cream with yolks 
of 2 eggs was given. A second film (B) was 
taken one hour later, and a third (C) 4 hours 
after the first. .‘VI e.xposures were made in 
the upright position, in neutral respiratory 
phase, after the gallbladder had been located 
by fluoroscopic examination. 

Roentgenographic Data. In all instances 
the ■’allbladder was dearly visualized on the 
first'films (A). The size of the gallbladder 
varied in different individuals. _ The shadow 
appeared to have a greater density at ite most 
dependent, fundic, portion, decreasing m 
S to^^ard the uppermost , collie, portion, 

Dis., ms, 10, 206. 


which was usually indistinctly outlined (Fig. 
1-4). 

On the second films (B), taken one hour 
after ingestion of the fatty meal, the gall- 
bladder shadow was invariably present, al- 
though in 2 instances it was faintly outlined. 
In 3 instances the decrease in size of the 
shadow was negligible. In the remaining 9 
instances, the shadow was decreased in size 
about 10 to 50%. The density of the shadow 
was usually increased and was more uniform, 
with dearer outline of the neck (Fig. 1-4). 

On the third films (C) taken 4 hours after 
the fatty meal and 3 hours after the second 
exposure, the shadow of the gallbladder was 
present in all instances e.xcept one. In 6 
instances the shadows decreased in size about 
SO to 75% as compared to the first films. 
In S instances there was only slight diminution 
in size of the shadow, and there was a dis- 
tinct difference in the density between the 
fundic and collie portions of the gallbladder, 
the fundic portion being more dense and more 
sharply outlined (Fig. 3 and 4). In 3 of 
these the shadows closely resembled in size 
and shape those on the first films (Fig. 2 
and 4). 

Interpretation. The ingestion of the 
Priodax, according to present knowledge, is 
followed by the appearance of the radio- 
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FIG. L 


FIG. 2. 




r 


Fig. 1 to 4. 

Films A were taken 14 hours after the .ugestion of Priodax. B one hour later following the 
fatty meal, and C 4 hours after the first films. Case 1, 5, 7, and 9, respectively. 

opaque substance in the bile. Information is data on other substances, methylene blue,- -’ 

not available as to how long the Priodax tetraiodophenolphthalein. eosin. erythrosin 

is present in the bile coming from the liver and rose bengal,^ provide information as to 

and in what concentrations. Experimental the rate of their excretion in the bile and their 




102 


Roentgenogeaphic Studies of Human Gallbladder 


The palpatory method for determining the 
extent of relaxation of the pelvic S 3 nnphysis 
is not very precise, although in experienced 
hands, the movement in the pelvic symphysis 
is readily felt. Fluoroscopic examination helps 
in determining a positive response, but it is 
doubtful if this method is as reliable as 
palpation. The X-ray has given additional 
data and, as judged from a recent report,^- 

12 Hall, K., and Neivton, W. H., J. Physiol, 
1946, 104, 346. 


it is quite reliable in detecting changes in 
the pelvis of mice. 

Summary. In oophorectomized guinea pigs 
primed with estrogens, deso.xycorticosterone 
acetate can substitute for progesterone in 
bringing about relaxation of the pubic sym- 
physis. Only a few animals showed a degree 
of re!a.xation comparable to that obtained in 
advanced pregnancy. Milk secretion was ob- 
tained in many of these guinea pigs. 


15511 

Roentgenographic Studies of the Normal Human Gallbladder. 

Bela Halpert, Peter E. Russo, and Vernon D. Cushing. 

From the Departments of Pathology and Sadiology, The School of Medicine of the University 


of Oklahoma, 

This preliminary study was made to ascer- 
tain how the diminution in size of the gall- 
bladder shadow is accomplished following a 
fatty meal. 

Method. Twelve healthy individuals were 
chosen, 6 males and 6 females, aged 20 to 
27 years. Following a fat-free evening meal, 
3 g of Priodax (beta-(4-hydro.xy-3,S-di- 
iodophenyl)-alpha-phenyl-propionic acid) was 
given orally.^ Only fruit juice, tea, black 
coffee, and water were allowed until 14 hours 
later. Then after a cleansing enema the first 
film (A) was taken. Following this a meal 
consisting of 8 ounces of cream with yolks 
of 2 eggs was given. A second film (B) was 
taken one hour later, and a third (C) 4 hours 
after the first. All e.xposures were made in 
the upright position, in neutral respiratory 
phase, after the gallbladder had been located 
by fluoroscopic e.xamination. 

Hoeut^euo^raphlc Data. In all instances 
the gallbladder was clearly visualized on the 
first films (A). The size of the gallbladder 
varied in different individuals.^ The shadow 
appeared to have a greater density at its most 
dependent, fundic, portion, decreasing m 
density toward the uppermost, colhc, portion, 

1 Einsel, r. H., .hkI Ffmsci, T. H., Am. J. Digest. 
Dis., 1943, 10, 206. 


Oklahoma City. 

which was usually indistinctly outlined (Fig. 
1-4). 

On the second films (B), taken one hour 
after ingestion of the fatty meal, the gall- 
bladder shadow was invariably present, al- 
though in 2 instances it was faintly outlined. 
In 3 instances the decrease in size of the 
shadow was negligible. In the remaining 9 
instances, the shadow was decreased in size 
about 10 to 50%. The density of the shadow 
was usually increased and was more uniform, 
with clearer outline of the neck (Fig. 1-4). 

On the third films (C) taken 4 hours after 
the fatty meal and 3 hours after the second 
exposure, the shadow of the gallbladder was 
present in all instances e.xcept one. In 6 
instances the shadows decreased in size about 
50 to 75% as compared to the first films. 
In 5 Instances there was only slight diminution 
in size of the shadow, and there was a dis- 
tinct difference in the density between the 
fundic and collie portions of the gallbladder, 
the fundic portion being more dense and more 
sharply outlined (Fig. 3 and 4). In 3 of 
these the shadows closely resembled in size 
and shape those on the first films (Fig. 2 
and 4). 

Interpretation. The ingestion of the 
Priodax, according to present knowledge, is 
followed by the appearance of the radio- 
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Robert A. Lyon. (Introduced by W. R. Lyons.) 

From the Division of Ohstctrics and Gynecology, University of California Medical School, San 

Francisco. 


Menstruation ordinarily reappears in tbet^rways anovular, a few patients in this senes 
nonlactating puerperal woman prior to ovula- ovulated prior to menstruation, and their 
tion Lona after the lochia has ceased, data were, obviously, partially responsible for 


anovular bleeding appears, but usually is fol- 
lowed within a few weeks by ovular menstrua- 
tion. Griffith and iMcBride,! on the basis of 
endometrial biopsy studies, reported that 
ovulation was delayed until 5 months or later 
postpartum in a group of 11 nonlactating 
patients. These same women showed anovular 
menstruation at an average of 2 months post- 
partum. 

The present study was undertaken in order 
to determine the time of reappearance of ovula- 
tion in the nonlactating puerpera by means 
of the basal body temperature technic.- This 
method of evaluation agrees with direct evi- 
dence of ovulation observed at laparotomy." 
Twenty-three nonlactating puerpera charted 
their basal temperatures until ovulation and 
menstruation recurred regularly. Endometrial 
biopsies were taken during the pha.se of tem- 
perature elevation in 7 of the group, and all 
of these showed progestational or secretory 
changes. Menstruation occurred within 2 
weeks of the time of biopsy in each case. 

.-Vs shown in Table I the average time of 
8 4 weeks (range 5-15 weeks) for the reap- 
pearance of menstruation, agrees with Grif- 
fith and McBride’s figure of 8 weeks. .-V 
.significant difference will be noted, however, 
in the estimated average lime of ovulation, 
which is less accurately determinable. .-Vl- 
ihough the initial menstruation i.s almn.st al- 


the low figure of 10.2 weeks (range 6-17 
weeks) as contrasted with 20 weeks reported 
by Griffith and IMcBride for ovulation. 

During the course of these studies, it was 
observed that when lactation was not carried 
on, or when it was discontinued very early, 
anovular bleeding was usually seen prior to • 
the return of ovulation. However, after about 
the eighth postpartum week ovulation oc- 
curred with increasing frequency prior to 
menstruation. These observations will pre- 
sumably find e.\planation in the availability 
of distinct proportions of pituitary gonado- 
trophins, adequate in some cases to stimulate 
the normal cyclic growth sequence in the 
ovary, culminating in ovulation, and deficient 
in other instances in which the follicular ap- 
paratus does not for a time mature and 
ovulate, but does form enough hormone to 
bring about cyclic uterine changes. The ap- 
pearance of ovulation in these instances seems 
to imitate the succession of events found at 
the menarche in that the cycles progressively 
improve until they resemble the normal pat- 
tern. Ovulation probably requires more 
gonadotrophin than menstruation, and the 
variation in the amount available in different 
puerpera during the early weeks of the 
piierperium is relatively large. 

Summary. From the study of basal tem- 
peratures. correlated with endometrial biopsy 


T.\BLE I. 


Ileiii>p™r;iiii T of :iml Mi-iislriiatiim iii Jlie Xonlaelating I’uiTiH-ra. 



Onset menstruation in 

Onset ovnlation in 

Xo. of casts 

av^ weeks pust-partuin 

avg week.s post-partuni 

23 (this reportl 

8.4 

10.2 

H (GriflUli and McHriilf) 

8.0 

20.0 


' Criintli, I.. S., ami .McBride, W. I'. L., .1. Mich. 
■if. Soc., T.Kl'J, UH, lOCid. 


2 Kiilieii.steiii, 15. B., Fndocrinology, 1938, 22, 41. 
SGreiilieli, \V., Morris, E. S., anil Black, M. E., 
Fror. Con/. I’roh. Unman Fertility, 1943, p. ;!7. 
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accumulation in the gallbladder. Accordine 
o eapertments with one of these suteSnS 
(methylene blue), the gallbladder can ” A 
half the volume of its fluid content per hmr" • 

SteKS ’ "T ""'■‘“"'i' '■““h 

Priodav n "f substances and that of 
Pnodax. During the period in which radio- 

opaque substance is present in the bile some 
of It reaches the gallbladder. There the 

IheS' f "■»« slowly than 
the bile and so it eventually attaint; cnw; • ? 

c™»ntr,tl„„ to cast a 


All films in this series were tafcpn in 

S Hh””"'"- aasTby he 

tpallbladder content therefore more doselv nn 

prommates the anatomic outline of hf 

Som ‘ ““ •-» -"S 

At the time the first films were 

neither the hepatic, the common bile no”’ 
visualized. OnT; Z 
gallbladder contained the opaque substance in 
big enough concentration to cast a shadow 
same situation prevailed at the time of 
the second and also of the third films. Since 
m each instance the shadow on the second film 
changed Its contour slightly and its size de- 
creased 10 to 50% of the original and became 
more dense, it is safe to conclude that prac- 

Sf rw substance left the 

oallbladder between the time of the first anri 

second e.\posures. The presence of sufficient 
opaque substance to visualize the viscus 4 
hours after ingestion of the fatty meal would 

CHalpert, B., and Hanke, M. T., Am. J. Physiol 
1929, 88, 351. ’ 

3 Jlilla, D. R., and Halpert, B., Am. J. Physiol 

1933, 103, 295. ' 

4 Halpert, B., and Hanke, M. T., Am. J. Physiol 

1932, 100, 433. '' 

5 Halpert, B., Thompson, W. R., and ATarfing 
P. L., Am. J. Physiol., 1935, 111, 31. 

6 Halpert, B., O'Connor, P. A., and Thompson, 

W. E., Am. J. Physiol, 1935, 112, 383, 


also support the contention that no loss hv 

Z throuj 

tne time of the second and third e.xposures 
Evacuation through the cystic duct of anv 
“nt would gallbladder con. 

substance remaining. Such a decrease of the 
opaque substance in the gallbladder, homL 

smntinn ^ Selective re- 

solvent leav" ’fh 

density of the shadow on the second films. 

Se iTver bile from 

fnto he of bile 

gallblnrlri I" either event, the 

Se^oMi? fo ^osorb half the vol- 

contour fh “”jont per hour. The change in 
in ^nd the increase 

second shadow as observed on the 

fSZr IZ' be e.NpIained by 

while llffl of the opaque substance 

bladder T ®"for3 the gall- 

hours afie^fi! '^^^"Ses on the third films, 3 
the variafin ^ocond, may be e.xplained fay 
ing the viiim auiount of new bile enter- 
substanef present diluting the opaque 

tained !f Jl ^be data so far ofa- 

diminution therefore be concluded that the 
foTo'Zrthe" S;' ‘'^,^.^“bladder shadow 

r£'i“r^SvS.t=! 

rsc.r“ “■ 

position. Tie da L 

that the dimim.tm -*° obtained indicate 
shadow followina Z^fat? gallbladder 

complished not necessaHI 

rather by selerfiv» ^only by evacuation but 

der content. ’’csorption of the gallfalad- 
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TABLE I. 

Effect of Nicotininc Acid and Trvptopliaae on Growth Betardation in Eats on Diets with Added 
Pheny lalanine and Tyrosine. 

G gained per 

Eation used week* and range 


Basal 

] I 



1% <lf-plieaylalan;ne 

-riro 

Z(-} tyrosine 


1% 

3 3 

+ 1% 

*3 3 

J 


3 3 

-kl% 

3 3 

)i 

1% 

3 3 

4- 1% 

3 3 

J 

1% 

33 

+ 1 % 

3 3 

) 


33 

+ 2% 

1 3 

J3 


33 

-t-2% 

3 3 

f 

2% 

3 3 

+ 2% 

3 3 

} 

2% 

3 3 

-1-2% 

3 3 

) 

2% 

3 3 

-l-27o 

3 3 

} 

1.5% Z(-) tyrosine 



J 


3 



ft 

4% (ir-plieuylnl"nrae 



i 

100 

mg % nicotin'.c acid 


ft 

1% 

1(“) tryptophane 




* Average of three weeks. 





19 

(lS-20) 




13 

( S-19) 

4 * 

2 mg % 

nicotinic acid 

11 

( S-13) 

+ 

100 ” 

Z(-) tryptophane 

14 

(IMS) 

4 “ 

500 ” 

nicotinic acid 

10 

(11-22) 

4 - 

100 ” 

J t )t 



-k 1% 

f(-) tryptophane 

15 

(13-17) 




1 

( 0.7-2) 

+ 

100 mg % 

nicotinic acid 

4 

(3 -0) 

+ 

1% l(-)ti 

•yptophane 

4 

( 2.6-7) 

4 * 

500 mg % 

nicotinic acid 

0 

( 4.0-7) 

4 - 

2% t(-)tivptopliane 

7 

( o -S) 




12 

( 9-14) 




2 . 

4 (2- 3) 




0 

( 4- 9) 




IS 

(16-19) 


17 (lt5.tJ-17.6) 


suggests that the effect produced by the ad- 
dition of phenylalanine to a diet containing 
tyrosine may merely add to the effect of the 
tyrosine. Using deuterium-labeled phenyl- 
alanine, Moss and Schosnheimer'^ have shown 
that when a diet is supplemented with 2 % 
phenylalanine, 20 to 30% of this is converted 
to tyrosine in the growing rat. The rate of 
conversion was not affected by the addition of 
an equal amount of tyrosine to the diet. 

Lesions similar to those observed in the 
present study were previously described by 
Hueper and ^Martin'* as a result of the addi- 
tion of 10 parts of tyrosine to a diet contain- 
ing 18 parts of casein and 100 mg % of nico- 
tinic acid. 

Corneal vascularization has been seen to 
occur in a variety of conditions including 
tryptophane deficiency,’' lysine and methi- 
onine deficiency, and on diets low in protein.® 

The growth retardation produced by the 
addition of 1% of phenylalanine and 1% 
tyrosine could not be counteracted by adding 


2 Moss, .V. R., ami Sehoeuhciiiier, E., J, Biol. 
Chem., 19-40, 13o, 415. 

* lluopcr, W. C., and Martin, G. J., Arch. Both., 
1043, ;J5, 0S5. 

•> Totter, .1. R., and Day, P. L., J. .Vutrilion, 
I94d, Ul, 159. 

« Sydenstrieker, V. P.. Hall, AV. K., Hook, C. AV., 
and Pund, E. R., Science, 194G, 10», 194. 


2 mg % of nicotinic acid or 100 mg % of 
tryptophane to the diet (Table I). However, 
a very large amount of nicotinic acid (500 
mg %) did appreciably decrease the growtli 
retardation, as well as the appearance of ex- 
ternal lesions. There seemed to be no ad- 
vantage to the simultaneous addition of nico- 
tinic acid and tryptophane. 

The almost complete inhibition of growth 
by the addition of 2% phenylalanine and 2%? 
tyrosine could be alleviated to some e.vtent by 
the incorporation of 500 mg % of nicotinic 
acid or 2% of tryptophane to the diet. On 
the other hand, the addition of nicotinic acid 
or tryptophane to the basal diet had no 
growth stimulatory effects. 

Two per cent phenylalanine and 2% ty- 
rosine produced no deleterious effects when 
incorporated in the following diet: Argentine 
casein 25, Brewer’s yeast 6, dried liver 4, 
sucrose 10, U.S.P. salt I 4, cooked starch 47.9,’ 
cellulose 3, and choline 0.1 parts per 100. 
MLxed tocopherols in corn oil were fed at a 
level of 11.6 mg per day. 

The reason for the rather striking response 
of the rat toward a relatively low protein 
diet supplemented with phenylalanine and 
tyrosine is not known at the present time. It 
is hoped that e.xperiments now in progress 
will aid in clarifying some unanswered ques- 
tions. These e.xperiments, however, serve to 
demonstrate possible compliaitions arising 
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control, the average time for the initial ovula- 
tion in 23 nonlactating puerpera was found 
to be 10.2 weeks postpartum. There is con- 
siderable variation in the appearance time 
of ovulation in the absence of lactation. This 


may be attributed to varying degrees oi 
gonadotrophic stimulation, sufficient in some 
cases to culminate in ovulation as early as 
the sixth postpartum week. 
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Growth Retardation and Corneal Vascularization with Tyrosine and 
Phenylalanine in a Purified Diet. 

C. F. Niven, Jr., Mary R. Washburn, and Gladys A. Sperling. 
(Introduced by J. M. Sherman.) 

From Ihc laboratory of Sactoriology and Laboratory of Animal Hfutritiou, Cornell Cniversity, 

Ithaca, jV.r. 


In a previous study dealing with the an- 
tagonistic action of certain amino acids toward 
the growth of Streptococcus bovis in a syn- 
thetic medium, it was found that a combina- 
tion of df-phenylalanine and /(-)tyrosine 
showed a marked inhibitory effect.^ This 
inhibition of growth could be counteracted by 
the addition of f(-) tryptophane to the medi- 
um. Increased amounts of nicotinic acid 
added to the medium showed no effect. Krehl, 
Teply, Sarma, and Elvehjem" have shown 
that growth retardation in rats produced by 
the addition of corn grits to the diet could 
be counteracted by adding a small amount 
of tryptophane or nicotinic acid to the diet. 
In view of this fact the work with amino 
acid antagonisms was extended in order to 
determine whether the same phenomenon 
could be demonstrated in rats. 

The following basal ration, similar to that 
used by Krehl et air was used: Labco vitamin- 
free casein 10, sucrose 83, corn oil 3,_U.S.P. 
salt I 4, and cystine 0.15 parts. Vitamins 
were incorporated in the basal ration in the 
following amounts: thiamine 0.2, rifaoflavine 
0.3 pyridoxine 0.25, calcium pantothenate 
2. o' choline chloride 100, inositol 10, 2- 

niethylnaphthaquinone O.I, biotin and 

folic acid 0.01 IS mg per 100 g. Halibut 


iNiv'en, C. F., Jr-, SVaslihurn, Mary B., 
'V. A. 

Elvehjem, C. A., Seieiiee, W-ia, 101, 489. 


liver oil (diluted 1:2 with corn oil) was fed 
at a level of 2 drops per week, with a- 
tocopherol included at 0.5 mg per drop. Ad- 
ditions to this diet were made by replacing 
an equal weight of sucrose. Substances added 
to the basal diet were thoroughly mixed with 
it using a mortar and pestle. Weanling, male 
rats averaging from 45 to 55 g were used 
throughout these experiments. Five rats were 
placed on each diet except in the case of a 
few control diets in which 3 were used. 

The addition oi 1% df-phenylalanine and 
1% /(-) tyrosine to the basal ration produced 
a substantial growth retardation (Table I) 
which was accompanied in about 50% of the 
cases by vascularization of the cornea and 
marked edematous swelling of the feet. With 
the addition of hve.s of phenylalanine and 
tyrosine as high as 2% each, growth was 
almost completely inhibited over a 3 -weeh 
period. .■It this higher level more severe ex- 
ternal lesions were noted and they occurred 
in 100% of the cases. Spontaneous healing 
of the external lesions was noted with all of 
the levels used in these experiments. When 
2% phenylalanine and 2% tyrosine were 
used, the lesions began to appear on the 6th 
day and healing became apparent on the iSth 
to ISth day. 

Contrary to the results obtained with 
Streptococcus bovis, it was found that the 
addition of tyrosine or phenylalanine alone 
to the basal ration produced growth retarda- 
tion and external lesions to an extent which 
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DAYS 

PlO. 1. 

Growth of vitamiu A depleted rats receiving single doses of carotene in sesame oil and in 
Tween 80, orally and intramuscularly. 

(1) — Q — 0.44 mg of carotene + 0.2 mg alplia-tocopherol in 0.1 ml Tween 80 intra- 

muscularly. (9 rats; average survival time — 71 days.) 

(2) — Q — Same as (1) but orally. (8 rats; average survival time — todays.) 

(3) _A— O-"!! a'B carotene + 0.2 mg alpha-tocopherol in 0.1 ml of Ses.ame oil intra- 

muscularly. (S rats; average surviv.al time — 20 days.) 

(4) _A_ Same as (3) but orally. (9 rats; average survival time — 10 d.ays.) 

* Number of rats alive at point of maximal growth. 


The average survival time of the Tween- 
injected group exceeded that of either of the 
2 orally supplemented groups; the time at 
which maximum growth was attained was 
about equal for the 3 groups. In Group 3, 
the carotene injected in oil was the most 
poorly utilized as judged by all criteria. After 
the death of each of the rats receiving an 
intramuscular injection, the thigh muscles were 
dissected and residual carotene was extracted 
and determined. The amount of carotene 
found remaining in the muscle tissue of the 
oil-injected rats varied from 27 to 76%, while 
only trace amounts were found in any of the 
Tween-injected rats. 


T.VBLE I. 

Recovery of 0.5 mg of Carotene in 0.1 ml of 
Tween SO or Sesame Oil After a Single Injection 
into the Thigh Muscle of Rats. 


% carotene* recovered from muscle 

D-'ys after , , 

injectiou Tween SO Sesame oil 

2 7~ [43) li 

7 trace (14) C3 

15 none (20) 48 

29 ” (1) 33 

37 ” IS 

05 ” 21 


* The number in the parentheses indicates tlie 
per cent of carotene recovered from subcutaneous 
tissue near the site of the injection. Only trace 
amounts were ever found in the subcutaneous tissue 
in the case of oil injections. Carotene was deter- 
mined-i with the Beckman Spectrophotometer. 
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Utilization of Inteamusculaely-Injected Carotene 


from diets containing certain amino acids in 
quantities which are out of proportion to 
that found in most natural proteins. 

Summary, The addition of 1% df-phenyl- 
alanine and /(-)tyrosine to a purified 
diet containing 10% casein produced growth 
retardation and external lesions. Phenyl- 


alanine is converted to tyrosine in the animal 
and so may add to the effect of the tyrosine. 
The addition of relatively large amounts oi 
nicotinic acid or f(-) tryptophane will appr^ 
ciably alleviate the deleterious effects of these 
amino acids. 
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Utilization of Intramuscularly Injected Carotene. 

Rudolph M. Tojiarelli, Jesse Charney, and F. W. Bernhart.* 
From the Wyeth Institvte of Applied Biochemistry, Philadelphia, Penn. 


Carotene administered parenterally has 
been shown to be poorly utilized. i-- Subcu- 
taneous injection of carotene in oil solution^ 
or intravenous, intraperitoneal or intrasplenic 
injections" of aqueous colloidal suspensions of 
carotene have failed to increase stores of 
vitamin A in the liver of rats. Deficiency 
symptoms and death have occurred while con- 
siderable amounts of the injected carotene 
were still present in the body.^-- Studies in 
this laboratory of intramuscularly-injected 
carotene in oil solution have yielded similar 
results. Carotene in sesame oil, with and 
without added tocopherols, when injected in- 
tramuscularly, has been found to restore 
growth to depleted rats for a short time only. 
Upon ensuing death, a considerable fraction of 
the carotene was found at the site of injec- 
tion. After being solubilized in water by 
means of a suitable agent, intramuscularly- 
injected carotene was as efficiently utilized as 
carotene administered orally. 

Experimental Methods and Results. When 
carotene is dissolved in Tween 80, (polyo.xy- 
alkylene derivative of sorbitan monoleatet) 

authors wSTto acknowledge tlie tech- 
nical assistance of the Misses M. Stoneman and 


p. Shitamae. „ , , xr j 

IT ease Y. G., Lease, E. J., Steeuboek, H., and 
BaummuCc. A.,/.iel>. and Clim Med., 

" e Sexton, E. L., Mehl, J. W., and Deuel. H, J., 
Nntrition, 1946, 31, 299. 
t Atlas Powder Co. 


the solution may be diluted indefinitely with 
Avater without precipitation of the carotene. 
A comparative study of the absorption of 
carotene in Tween 80 solution and in sesame 
oil solution was made. O.S mg of carotene 
and 0.2 mg of a-tocopherol in 0.1 cc of solvent 
was injected into the thigh muscles of nor- 
mal adult rats and the rate at which the 
carotene passed from the muscle determined. 
The data are presented in Table I. 

The curative effect of intramuscularly-in- 
jected carotene as compared ivith that admin- 
istered orally was measured by a study of 
the growth and duration of cure of vitamin 
A-depleted rats. Seventy male weanling rats 
were fed the U.S.P. XII vitamin A free diet. 
After 6 weeks on this diet, when cessation oi 
growth and the appearance of ocular symp- 
toms had marked the depletion of body stors 
of vitamin A, 40 of the most typically de- 
ficient rats were divided by weight into ^ 
groups. Rats dying Avithin 3 days after re- 
ceiving the supplement Avere not included in 
the data. From a comparison of the growth 
curves and the data on duration of cure, 
(Fig. 1) it may be seen that an intramuscular 
injection of carotene in sesame oil (Group 3) 
is poorly utilized as compared Avith the utiliza- 
tion of the same supplement given orally 
(Group 4). When the carotene was injected 
in Tw’een 80 (Group 1) the curative effect 
Avas as good as, if not better than, that ob- 
tained in the groups receiving carotene orallyi 
either in TAveen 80 or oil (Groups 2 and 4). 
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with previous good health, whose disease 
course proceeded without complication. In 
each case, the diagnosis was obtained by a 
careful history and physical examination and 
confirmed by appropriate liver function tests. 
Throughout the study rigid water-balance con- 
ditions were maintained. This consisted of 
the daily determination of body weight and 
careful measurements of fluid intake and 
urine output, .-^n attempt was made to keep the 
diet and salt intake constant for each patient. 
Measurements of plasma volume and inter- 
stitial fluid were determined at 4- to 7-day 


intervals, according to the simultaneous meth- 
od of Gregerson and Stewart® in which the 
dye T1S24 and sodium thiocyanate measured 
in the Coleman, Jr. spectrophotometer" were 
used. In this study the interstitial fluid vol- 
ume was derived by subtracting the plasma 
volume from the total thiocyanate space. .-M- 
though this fails to account for the small 
amount of red blood cell water, there was 

4 Gregerson, il. I., and Stewart, J. D., Am. J. 
PhijAol., 1939, 125, 142. 

1 Gibson, J. G., Jr., and Ev.ans, Vi. X., Jr., 
J. Clin. Invest., 1937, 10, 301. 
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Discussion and Sutnmary. These experi- 
ments show definitely that carotene admin- 
istered parenterally may be effectively utilized 
provided the carotene has been water-solu- 
bilized by solution in Tween SO. In such a 
solution not only is there a much more rapid 
transport of carotene from the site of an intra- 
muscular infection, but there also occurs an 

3 Tomarelli, H. it., and Gyorgy, P., J. Siol. 
C'hem., 1945, IGl, 3(i7. 


effective conversion to vitamin A as demoa- 
strated by the resumption of growth in vita- 
min A-depleted rats. These findings offer 
further support to the accumulating evidence^-* 
that the state of dispersion of the carotene 
is of importance for participation in the physi- 
ological processes of absorption, transport and 
enzymatic conversion to vitamin A. 

4 Greaves, J. D., and Schmidt, C, L. A,, Am. J. 
PhyttinL, 1935, 111, 492. 
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Alterations in Body Fluids During Acute Infectious Hepatitis. 


Daniel H. Labby and Charles L. Hoagland.* 
From the Hospital of The Sochefeller Institute, Few Yor'k City. 


It has long been known that convalescence 
in acute liver disease may be initiated by a 
diuresis. Jones and Eatoni in noting this 
phenomenon in an unselected group of pa- 
tients with acute and subacute liver disease 
suggested that it may have a favorable prog- 
nostic significance. To imply that recovery 
from liver disease is associated with the pro- 
duction of a large volume of urine, suggests 
that during the acute phase of the infection 
there may be profound disturbances in water 
metabolism involving increased water storage 
and possibly alterations in the transport and 
e.xcretion mechanisms. Recognition of the 
intimate relationship e.xisting between hepatic 
and renal physiology has impelled clinicians 
to speak of the ill-defined and little under- 
stood “hepato-renal syndrome.” The sup- 
pression of urine volume in “catarrhal jaun- 
dice” and acute yellow atrophy are old ob- 
servations,- as is the oliguria accompanying 
cirrhosis of the liver, e.specially when asso- 
ciated with ascites.=> It is conceivable, there- 
fore that the latter may m part represent 
a more serious e^sion of the s^e_m_echa- 

c M„ E..», I. B- .'» »»• ■’■ 


nism to an advanced period in the develop- 
ment of chronic liver disease. Indeed, recent 
evidence suggests that the movement of body 
fluids during liver disease may be under 
endocrine control."* No available data e-vist 
that reveal the precise alterations of the fluid 
compartments of the body during the course 
of acute liver disease. Jones and Eaton 
suggested that the observed diuresis of con-, 
valescence was a consequence of improved 
hepatic efficiency, resulting in a “shift of 
fluid from the tissues or serous cavities to 
the blood stream with the ultimate establish- 
ment of diuresis.” Since adequate methods 
now e.xist for the simultaneous determina- 
tion of appro.ximate interstitial fluid (thiocy- 
anate space), plasma volume and total blood 
volume, it was believed that a study of the 
distribution of body fluids during the course 
of acute infectious hepatitis would be of profit. 
In this disease one may work in a rapidly 
shifting metabolic scene. 

Materials and Methods. Fourteen patients 
were studied as part of a group of acute in- 
fectious hepatitis cases observed in the Rocke- 
feller Hospital.® All were young, adult males 

^Ealli, E, P., Sobson, 3. S., Clarke, D., and 
Hoagland, C. L., J. Clin. Invest., 1945, 34, 316. 

■-> HoagUind, C. L., and Shank, B. E., J. A. II. A., 
1946, 130, 615. 
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chloride appeared in the urine, reaching a 
peak also on the 17th day, despite the fact 
that the daily calculated salt intake had 
been constant (9-10 g) since admission. 
This same period was further character- 
ized by improvement in liver function. 
A slight but continued fall in the vol- 
ume of interstitial fluid, total blood and 
plasma volumes was noted. On the 21st 
day of the disease a water tolerance test 
yielded more than double the previous amount 
of urine, 1170 cc being obtained. The period 
from the 21st to the 30th day of disease 
was characterized by an active diuresis and 
with this there followed stabilization of the 
interstitial fluid volume, plasma and blood 
volumes and a measurable improvement in 
liver function. Following this period the 
urine output fell slightly, but plasma chlor- 
ide values and urine chloride excretion re- 
mained at sustained high levels. Little change 
was noted in the results of the water toler- 
ance tests following the period of diuresis. 
With the restitution of liver function the 
initial fall in body weight was overcome and 
there now appeared a weight gain, despite 
the fact that the daily caloric intake had been 
maintained at values between 3000 to 3500 
calories since admission, .•^t the time of dis- 
charge from the hospital the patient had 
made a complete recovery, as indicated by 
maintenance of body weight and restoration 
of liver function. In addition there had 
been no significant change in the body fluids, 
which had been stabilized since the 30th 
day of the disease. Throughout the period 
of hospital observation, clinical signs of de- 
hydration were never encountered and no 
peripheral edema or ascites had been noted. 

Discussion. If the convalescent values are 
used as a base line, it is apparent from the 
data that a large interstitial fluid compart- 
ment exists during the acute phase of in- 
fectious hepatitis. In addition there is a 
tendency to retain or store ingested water, 
as reflected during this period by the poor 
urine output of the water tolerance test. 
That this does not represent inadequate renal 
function is supported by the fact that numer- 
ous routine examinations of the urine for 
albumin, sugar and formed elements in the 


sediment were always negative, though no 
formal renal function tests were performed. 
In the presence of an increased interstitial 
fluid compartment, as well as an increased 
plasma and blood volume, it is difficult to 
attribute the low urine volume, depressed 
urine chlorides and tendency to store in- 
gested fluid to simple dehydration.^^ As 
suspected by Jones and Eaton, this increased 
interstitial compartment persists until im- 
provement in liver function is manifest. With 
the mobilization of stored interstitial fluid 
there is a fall in body weight quite parallel 
to the amount of fluid lost. A great amount 
of chloride is apparently withdrawn and re- 
sides in this compartment in compliance w’ith 
the laws of diffusion equilibria. This proba- 
bly accounts for the low initial plasma chlor- 
ide and depressed urine chloride excretion. 
This phenomenon has been previously noted 
in animals with acute liver injury produced 
e.xperimentally by means of arsphenamine.^® 
When mobilization of the interstitial com- 
partment occurs there is an increase in both 
urine chloride concentration and total urine 
chloride excretion. With this adjustment 
the plasma chloride rises and following the 
diuresis that may appear at this time, there 
is less tendency to store ingested water as 
measured by the water tolerance test. The 
events of this period are probably set in 
motion by an improvement in hepatic ef- 
ficiency. With the establishment of con- 
valescence the body fluid compartments move 
toward stabilization. There follows a rise in 
plasma protein values somewhat greater than 
can be accounted for by the slight fall in 
plasma volume; this probably reflects im- 
proved protein synthesis by the liver. The 
changes in plasma proteins that may occur 
independent of alterations in plasma volume 
have been reported experimentally and are 
to be found especially where nutritional fea- 
tures are of great importance.*' 

The forces underlying the dynamics of 

rr. Lyons, U. It.. ,Tncot)son, S. B., amt Avery, 
N. L., .Im. Ucart J., 1944, 27, .153. 

niSoffcr, L. .T., Dantes, A. B., ami .Sobotka, 11., 
.Irr/i. hit. Mc<l., 1937, CO, 509. 

i~ Jlollors, R. C., Muntwyler, K., itautz, P. R., 
ami .Vbbott. W. E., J. Biol. Clum., 1942, 11-t, 7S5. 
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too little change throughout the course of the 
disease in the red blood cell volume, as meas- 
ured by the venous hematocrit, to be of sig- 
nificance.’^ Total blood volume was calculated 
from the plasma volume by means of the 
venous hematocrit taken on the same sample.s 
The plasma bilirubin was determined accord- 
ing to the method of Malloy and Evelyn 
adapted to the Coleman. Jr. spectropho- 
tometer.® This, together with the brom- 
sulfalein test,“ measurements of the plasma 
protein fractions and the thymol turbidity 
reaction of the serum, were the indices of 
choice in following the state of liver function 
at frequent intervals. The total plasma pro- 
tein and albumin and globulin fractions were 
determined by the micro-digestion method 
m which Nesslerizationi- ^vas used. Normal’ 
values for this method are: total protein 
albumin, 3.S-S.0 g %; globulin,’ 
l.S-3.0 g %; A/G ratio, I.5-3.3. Blood 
specimens for plasma chlorides were collected 
under oil and measured according to the 
method of Wilson and Ball.ia To disclose 
any tendency to store fluid, a water tolerance 
test was utilized at weekly intervals.” This 
is a simple expression of the volume of urine 
excreted under basal conditions in the 4 hours 
following the rapid ingestion of 1500 cc of 
water. This test was not performed on the 
days that the total volume of blood, plasma 
and interstitial fluid were measured. Pre- 
liminary data in the 14 cases are sufficiently 
constant so that the detailed presentation of 
one typical case will serve as a text adequate 
to illustrate the general quality and direction 
of movement of the body fluid pattern ob- 
served in the entire group. 
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8 Keith, II., Eowntree, L. G., .-lud Qeraghty 
J. T., Arch. hit. Med., 1915, 16, 547. 

hJIailoy, H. T., and Evelyn, K. A., J. Biol. 
Chom., 1937, 11», 481. 

10 Matcer, J. G., Baltz, J. I., Marion, D. P., and 
MacMillan, J. M., J. A. M. A., 1943, 131, 723. 

11 Shank, E. E., and Hoagland, C. L., J. Biol. 
Chem., 1946, 163, 133. 

12 Archibald, E. M., personal communication. 

13 Wilson, D. W., and Ball, E. G., J. Biol. Chem., 
1928, 79, 221. 

11 Aldcrsberg, D., and Pox, C. L., Ann. hit. Med., 
1943, 19, 642, 


nhf • A r ^ '■^P'^^^ents the serial data 
obtained from a typical case. The patient 

was a 34-year-old male, seen on the 12th dav 
of his disease. The prehospital period had 
been marked by malaise, generalized mus- 
cular aches and pains, slight anorexia and 
nausea There was one mild attack of vomit- 
ing S days before admission, but the patient 
had been able to take adequate food and 
fluids since that episode. Dark urine had 
appeared 1 days before and visible icterus 
days prior to hospital admission. Physical 
examination revealed conspicuous icterus, 
and an enlarged tender liver. The patient’s 
hospital course was afebrile and with the 
prompt institution of bed rest and adequate 
nutrition, convalescence proceeded without 
unusual^ event. Measurements of body weight 
LI balance, as well as determinations 
n -. 3 °° 1 P^usma volume and interstitial 
tlmd volume were begun the day following 
admission. It may be noted from the ac- 
companying chart that during the first 2 hos- 
pital days there was a fall of 0.8 kg in bodv 
weight. This period and the 2 days that 
0 owed were marked by the greatest fall 
interstitial fluid volume from 237 cc/kg 
o -23 cc/kg of body weight. The value of 
CC, ’g attained later during convalescence 
^ were 

Ip« ^ ®."Ses in the same direction but of 
blood and plasma vol- 

onpairment as indicated by 
greatly elevated values for the total bilirubin 
test and an abnormal 
wa^^l r the serum. It 

intake th despite an adequate fluid 

!o the ti small compared 

-•Vt this time of later convalescence, 

as well as total plasma chloride 

andToll d.^" concentration 

low A wat^ chloride e.xcretion were 

cc of urine after fh? 

of W..„ Bv Se SmT'”" “ 

Ihere developed soch’.^ 

urine volume that the naff ^crease in 

ing between 85 and 90% of his'T'f 

C„„„„te wi,h ,hi 3 , 
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Strophanthim and Quinidine on QRS 


Q-Q Interval 

0.10 .20 .30 40 .50 .60 :jO .80 90 , 1.00 UO 



Pour recovery curves of intruveutricular eouductioii in the isolated rabbit heart. 


variation in the rate. The overflow of the diately following the notch, however, with 
perfusate ran into a beaker, kept at a constant increasing rates, QRS widening becomes most 
level by suction, and was returned to the marked. 

reservoir. Electrodes for the electrocardio- k transient increase in aberration was usu- 
graphic records were placed in this beaker, ally noted in the second, third, and some- 
Stimuli were delivered to the ventricle at a times the fourth comple.ves of groups produced 
rate first appro.ximating the idioventricular by sudden increases in rate; rapid shortening 
rate; they were increased by stages up to about of relative refractoriness, as the rapid rate 
400 per minute, or until some were blocked, persisted, led to decrease in QRS width and 
or until transient paro.vysmal ventricular distortion, with the maintenance of a constant 
tachycardia developed. QRS form and time for that rate. Similar 

The QRS width was measured with the findings have been made by Scherf^ in experi- 
Cambridge Record Measuring Instrument, mental A-V block, and may be seen in patients 
This was plotted against the time interval who have paroxysmal tachycardia with partial 
between stimuli, which was taken as an index A-V block."' 

of recovery time. Satisfactory preparations E§cct of Strophanthin. Strophanthin-K 
beat well for several hours; the experimental (Strophosid, Sandoz)* was injected into the 
data were usually obtained within 60 minutes, rubber connection of the cannula in a dose 
Effects of fatigue were further excluded by averaging 0.006 mg/kilo of weight of the 
repetition of both control and drug measure- intact rabbit. This caused a prolongation of 
raents at various intervals. the intraventricular conduction time (Fig. 2), 

Results. Effect of vaning rates. Several "'^>*^11 ,was greater with larger doses of the 
typical e.xamples of the curves obtained are drug. This effect disappeared in approxi- 
shown in Fig. 1. Some recovery curves show, lately 15-30 minutes, with a return to the 
in the r.onge of slow rates, gradual shortening control values. 

of the QRS with increasing rates; mire com- of Quimdinc. Quinidine sulphate 

mon, hosvever, is gradual prolongation with injected in a dose of 0.15 mg/kilo. Pro- 

more rapid rates. .\ consistent observation is 4 sdicrf, D., ii'i'ch. Arch. inn. .Mai., loeo, is, 403. 

improvement in intraventricular conduction a Decherd, G. M., Herrmann, G. B., and Schwab, 

over a short range of rapid rates, causing a E. II., .im. Heart J., 1943, no, 440. 
notch in the descending limb of the curve * These studies were supported, in part, by a 
"■here the RR intervals are shortest. Imme- grant from tlie Saudoz Cliemical Works, Inc. 
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this changing fluid pattern may be suggested 
in outline. That there may be endocrine 
factors at work, such as an antidiuretic sub- 
stance not effectively inactivated by a poorly 
functioning liver has been indicated.'* The 
role of the pituitary in this mechanism has 
been suggested,*®-*® and requires further 
elucidation. Recent data, however, disclose 
a significant elevation in the level of e.xcre- 
tion of biologically active estrogen in the 
urine during acute infectious hepatitis which 
attains normal vaiues during late con- 
valescence.'*® It Is conceivable that move- 
ments in body fluid may follow these altera- 
tions in active estrogen and be mediated 
through a central agency such as the pituitary. 

Summary. Interstitial fluid volume (thio- 
cyanate space), total blood volume and plas- 
ma volume were measured at frequent inter- 
vals in 14 young adult males with acute in- 
is Gilman, A., and Goodman, L., J. Thysxol., 
1937, 00, 113, 

19 Ingram, W, E., Ladd, L,, and Boubow, J. T., 
Am. J. Physiol, 1939, 137, S14. 

so Gilder, H,, and Hoagland, C. L., Proc. Soc. 
B.xp. Biol, and Med., 1940, 61, 02. 


fectious hepatitis. In each patient, the body 
fluid movement pattern was similar. Detailed 
data presented in one typical case disclose 
an increase in the interstitial fluid compart- 
ment during the preconvalescent period and 
a tendency to store ingested water as meas- 
ured by a water tolerance test. Diminished 
plasma and urinary chloride values are also 
found during this period, probably because 
of chloride storage in the increased interstitial 
fluid compartment. With convalescence and 
the restitution of liver function, the inter- 
stitial fluid and its retained chloride are 
mobilked and the interstitial fluid volume 
falls to lower values. There is an accompany- 
ing fall in body weight and frequently a 
diuresis follows. Less tendency to store in- 
gested fluid is also observed at this time. 
Plasma chlorides are now restored and urinary 
chlorides appear in normal amounts. A slight 
drop in plasma volume and total blood vol- 
ume accompany these changes and appear to 
be independent of alterations in the plasma 
proteins. 

It is suggested that these movements in the 
body fluids may have an endocrine basis. 
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Recovery Curves of Intraventricular Conduction; QRS Aberration. 


Geokge Decherd and Arthur Ruskin. 

Prom the Department of dledichie. University of Tevas School of Medicuie, and the Beart 
Station of the John Sealy Sospifal, Galveston. 


Aberrant intraventricular condncfon, with 
change in form and duration of the QRS com- 
nle^c, is c-mmonly encountered m paro.xysmal 
Lhycardia of supra ventricu’ar origin and m 
premature beats from similarly located foci. 
Such aberration is regarded as being due to 
Ligue, or to inadequate recovery, of the com 
ducting tissues. The recovery curves of A-V 

siif sWdie? haveTel ''“e S- 

TlfforSic\mSSS 

^%et/iod. We have used the 

Heart A.. 

1946, 8, 6. 


heart, perfused through its coronarv vessels 
by a cannula tied into the aorta. The per- 
fusion fluid was prepared according to the 
formula of Krebs and Henseleit;* it was kept 
at and through it was bubbled oxygen 
containing Sfo COj. The atria were cut off, 
and stimulating electrodes were pushed 
through the upper part of the I-V septum. 
The electrodes were activated by an electronic 
stimulator devised, and made far us, by Dr, 
S. A. Peoples ® This device permits variation 
in the strength of the stimulus, as well as wide 

2 Krebs, H. .A,, and Hraseleit, K., Z, f. Physiol. 
Chem., 1939, 310. 33. 

3 Peoples, S. A., in press. 
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Arthur Ruskin and George Decherd. 

From the Department of Mecliciiie, Vniversity of Texas School of Ifcdicine, and the Heart 
Station of the John Sealy Hospital, Galveston. 


The QT interval of the electrocardiogram en- 
compasses the whole of activation and recovery 
of the ventricular muscle. Its duration varies 
with the heart rate. Logarithmic curves re- 
lating the QT interval to the preceding cycle 
length have been drawn by numerous 
authors;*-- a recent paper® attempts to estab- 
lish a linear QT-RR relationship. The QT 
interval is prolonged in many varieties of heart 
disease, by myocardial anoxemia, by diminu- 
tion in the blood calcium level, and by quin- 
idine. .A.dministration of digitalis shortens the 
QT interval, particularly when it has been 
prolonged by myocardial disease. Robb* has 
recently suggested that extra-cardiac factors 
may reflexly influence the QT duration. 

In human patients, or in intact animals, 
the feasible variations in heart rate are limited. 
Hence we have studied the QT-RR relation- 
ship in the isolated perfused rabbit ventricle, 
using the technic previously described,® which 
permits variation in rate from that of the 
idioventricular pacemaker, 50-100/min., up 
to 400/min. or more. Strophanthin was 
injected into the perfusion system in doses 
approximating 0.006 mgAilo of intact rabbit; 
then quinidine was employed in a dose of 
0.15 mgAilo. The effect of these drugs on 
electrical systole was studied. 

Results. The figures show the forms of 
QT-RR cur\'es obtained from this preparation. 
The QT interval is often prolonged by changes 
from very slow to mocierate rates; further 
increasing rates uniformly shorten the QT 
measurement. The curve often flattens out 
at extremely rapid ventricular rates. 

r Albers, D., and Bedbur, VC., Arch. f. Kreis- 
laufforschung, 1941, 8, 150. 

-Asbnmn, R., Proc. Soc. Exp. Biql. and Med., 
1939, 40, 150. 

3 Sebbmiowitz, I., Hm. Heart J., 194G, 31, 329. 

■•Robb, .1. S., fed. Proc., 1946, 5, S7. 

•■•DecUerd, G. M., and Ruskiii, A., Peoc. Soc. 
Exp. I5IOI,. .VXD Med., 1946, (13, 114. 


Quinidine, as has often been showm, always 
prolongs the QT interval markedly (Fig. 1). 

The effect of strophanthin-K (Strophosid, 
Sandoz) was variable. When used in the 
above dosage, there w-as in some preparations 
prolongation of the QT interval; just as often 
shortening was obtained; several showed no 
appreciable change from the control curves. 
It was then found that when small amounts 
of strophanthin prolonged the QT interval, 
larger doses shortened it (Fig. 2).* 

Comment. The QT-RR curves obviously 
are not linear, although in the central portion, 
excluding the slowest and fastest rates, the 
deviation from linearity may not be great. 
We have not attempted to derive formul® that 
might fit the curves obtained. 

If the QT interval measures, in its first 
part, intraventricular conduction, but in its 
greater portion, ventricular refractoriness, it 
is readily understood why increasing rates 
should shorten the QT duration, up to a limit 
at which further shortening becomes impos- 
sible. It is difficult, however, to explain on a 
similar basis the occasional slight prolonga- 
tion of QT at moderate, as compared to very 
slow rates. 

Clark and Mines® noted that strophanthin 
first prolonged, later shortened, the duration 
of the electrical response of the isolated frog 
heart. In human subjects, only the shortening 
has been observed to follow therapeutic dosage 
of digitalis glucosides. It appears that pro- 
longation of the QT interval has been demon- 
strated only in isolated hearts; whether or not 
it may be found early in the course of gradual 
digitalization of humans has not yet been 

* SijH-e the submission of these popers, %vo Iiavo 
been able to demonstrate similar effects of small 
and large doses of Cedilauid (Sandoz) and 
Scillaren-B (Sandoz), as "ivell as digitoxin. 

<5 Clark, A. J., and Mines, G. R., J. Physiol., 
1913, 47, vii. 

" Kiscli. B., Strophanthin, Brooklyn Medical 
Press, 1944. 



Sthophanthin and Quinidine on QRS 

Interval 



longation of conduction times, and of refrac- 
toriness, was uniformly produced. 

Comment. With shortened periods of re- 
covery the intraventricular conduction time is 
prolonged. This parallels the well-established 
recovery curve for A-V conduction. There 
is, however, one e-xception; at rapid rates 
there is a narrow range within which I-V 
conduction is temporarily improved. This 
phenomenon has not been noted in recovery 
curves of A-V conduction, unless it is analo- 
gous to the period of supernormal conduction 
sometimes found at the end of the period of 
relative refractoriness. Another possible ex- 
planation lies in the manner in which these 
values were determined. Recovery curves of 
A-V conduction are usually drawn from PR 
intervals of single complexes of varying de- 
grees of prematurity, with a constant basic 
rhythm. Our own unpublished data, as rveil 
as Lewis and Master's,® show shortening of 
refractoriness and improvement of conduction 
with increasing rates. We have not measured, 
for the cutves shown in the figures, the first 
few more aberrant comple.xes following rapid 
stimulation, but have utilized measurements 
made in complexes which represented a steady 
state of relative refractoriness at a given rate. 
The present data thus correspond to those 
which might be obtained from paro.xysmal 
supraventricula r tachycardia, rather than from 

1925 , 

13 . 209 . 


single premature beats. 

Aberrant wide QRS comple.ves are often 
seen after quinidine administration; the effect 
of digitalis is variable,’^ but aberration may 
occur. The effect of these drugs on conduction 
in the ventricle is, therefore, similar to their 
effect on the A-V conduction tissues. This 
impairment in conduction is probably effective 
throughout the myocardium, and cannot be 
assumed to pertain to clinical or e.vperimental 
bundle branch block, where there is thought 
to be a localized region of defective conduc- 
tion. 

Rapid rates of stimulation of the ventricle, 
usually in the neighborhood of 350-400 per 
minute, fairly constant in the same, but vary- 
ing in different hearts, often led to the per- 
sistence of ventricular tachycardia after cessa- 
tion of the stimuli. The duration varied from 
a few seconds to a few minutes. In this 
preparation, and under the conditions thus 
far employed, we have been unable to note 
any effect of strophanthin in facilitating, or of 
quinidine in preventing or terminating, these 
paroxysms. 

Summary. Data have been obtained from 
the isolated rabbit ventricle, from which have 
been drawn recovery curves of intraventricular 
conduction. Similar curves have been drawn 
after the injection of strophanthin and of 
quinidine. 


T Berliner, K., Am. Bean J,, I93i_ 7^ 
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TABLE 1. 


Liver P32 as 9o 

% cells 

Dose in mg HS 3 

injected dose 

in mitosis 

0.1 

6.34 



6.02 



3.91 



6.09 

0.7 

0.2 

5.S4 



0.72 



6.26 



5.94 

0.4 

0.4 

6.21 



5.30 



6.56 



6.02 

0.2 

0.20 cc (pro- 

6.35 


pyleue glycol 

6.84 


only) 

6.05 



6.48 

1.1 


venously in doses not exceeding 1 mg 
Na 2 HP 04 and 1.5 microcuties per gram body 
weight. Three hours after the P®- injection, 
the livers were perfused with saline and re- 
moved. A small portion of the liver was used 
for P^- assay and the remainder for making a 
suspension of nuclei to obtain counts of the 
frequency of nuclei in mitosis. The nuclei 
were isolated as previously described^ and the 
counts made in a counting chamber with 
Neubauer ruling. A minimum of 2,000 cells 
was counted for each value given in the tables. 
The results are given in Table I. 

The differences in P®- uptake in HS-treated 
and in control animals are not significant. 
However, mitosis is markedly depressed and 
the inhibition of mitosis increases with increas- 
ing doses of HS. dose of 0.1 mg of HS will 


reduce the mitotic rate to about one-half that 
of the control, while 0.4 mg reduces the rate to 
one-fifth of the control. Serial sections were 
made of the livers which on microscopic exam- 
ination showed no pathological changes. The 
depression of the mitotic rate cannot there- 
fore be attributed to a direct necrotizing 
action of the HS. 

In a second series the 0.2 mg HS in pro- 
pylene glycol was given at 4, 12, 16, and 22 
hours after partial hepatectomy. All animals 
received P®- intravenously 24 hours after the 
partial hepatectomy and the livers were per- 
fused and removed 3 hours later. There were 
3-4 animals in each group. The results are 
summarized in Table II. 

When the HS is injected 4 hours after par- 
tial hepatectomy, at a time before the cells 
have been stimulated to active mitosis 
(Group 1) the mitotic rate remains at the 
level observed in non-regenerating livers.- If 
the HS is given 22 hours after hepatectomy 
and allowed to act for 5 hours (Group 5) the 
mitotic rate is much reduced but not to a 
level as low as that of Group 1. The data 
may therefore be taken to indicate that if 
the HS gets to the cells before the conditions 
ultimately leading to mitosis are reached, it 
prevents the establishment of these conditions. 
The higher mitotic rates of Groups 3 and 4 
as compared with Group 1 suggest either local 
destruction of HS and/or its reaction products 
or the removal of these substances from the 
site of action. 

The values for percent P^- uptake are given 
with ma.\imum deviations of individual values 
from the mean of each group. The mean in 
Group 4 is depressed by one unusually low 
value which is probably due to an experi- 


TABLE II. 


Group No. 

Hrs after 
hepatectomy 
when solution 
was injected 

Hrs with HS 

% cells in 
mitosis 

P3-' -To 

1 

4 

23 

0.1 

3.9 0.2 

O 

1'2 (pTOpvlei'e 

glveol onlv) 15 

0.5 

4.2 ± 0.5 

3 

12 

15 

0.3 

4.2 0.1 

4 

16 

11 

0.3 

3.1 ± 1.7 

0 

22 

5 

0.2 

5.0 0.15 


r Marsliak, .V., Gen. Physiol., 1941, 25, 275. 


a Marshak, A., and Byron, R. L., Jr., Prog. Soc, 
Exi*. Biou -VXD Med., 1945, 51), 200. 
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Effect of Mustard Gas on Mitosis and P- Uptake i 


in Regenerating Liver." 


A. Marshak. 

From the Tuberculosis Control Division, U. S. Public 


Sealth Ser 


vice. 


Rats (1 month, 40-50 g) were partially 
hepatectomized and 24 hours later Bis 
(^-chloroethyl) sulfide (“HS”) was injected 
into the femoral vein. The HS was dis- 

' The work described in this paper ivas done at 
tlio University of California under a contract 
'recommended by tho Committee on iUcdical He- 
search between the Office of Scientific Eesearch 


solved in propylene glycol at a .... 

of 2 mg per cc. (A dose ^r V°”'=^«t^3tion 

killed rats in 3-4 days ) ^ 
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T.U3LE I, 



Liver PS- as % 

% cells 

Dose in mg IIS 

injected dose 

in mitosis 

0.1 

G.34 



6.02 



5.91 



6.09 

0,7 

0.2 

5.S4 

5.72 

6.26 

5.94 

0.4 

0.4 

6.21 



5.30 



6.56 



6.02 

0.2 

0.20 cc (nro 

0.55 


pylene clvcol 6,84 


only) 

6.05 



6.48 

1.1 


venously in doses not exceeding 1 mg 
Na^HPOA and 1.5 microcuries per gram body 
weight. Three hours after the P^' injection, 
the livers were perfused with saline and re- 
moved. A small portion of the liver was used 
for P“- assay and the remainder for making a 
suspension of nuclei to obtain counts of the 
frequency of nuclei in mitosis. The nuclei 
were isolated as previously described' and the 
counts made in a counting chamber with 
Neubauer ruling. A minimum of 2,000 cells 
was counted for each value given in the tables. 
The results are given in Table I. 

The differences in P^- uptake in HS-treated 
and in control animals are not significant. 
However, mitosis is markedly depressed and 
the inhibition of mitosis increases with increas- 
ing doses of HS. A dose of 0.1 mg of HS will 


reduce the mitotic rate to about one-half that 
of the control, while 0.4 mg reduces the rate to 
one-fifth of the control. Serial sections were 
made of the livers which on microscopic exam- 
ination showed no pathological changes. The 
depression of the mitotic rate cannot there- 
fore be attributed to a direct necrotizing 
action of the HS. 

In a second series the 0.2 mg HS in pro- 
pylene glycol was given at 4, 12, 16, and 22 
hours after partial hepatectomy. .All animals 
received P^- intravenously 24 hours after the 
partial hepatectomy and the livers were per- 
fused and removed 3 hours later. There were 
3-4 animals in each group. The results are 
summarized in Table II. 

When the HS is injected 4 hours after par- 
tial hepatectomy, at a time before the cells 
have been stimulated to active mitosis 
(Group 1) the mitotic rate remains at the 
level observed in non-regenerating livers.- If 
the HS is given 22 hours after hepatectomy 
and allowed to act for 5 hours (Group 5) the 
mitotic rate is much reduced but not to a 
level as low as that of Group 1, The data 
may therefore be taken to indicate that if 
the HS gets to the cells before the conditions 
ultimately leading to mitosis are reached, it 
prevents the establishment of these conditions. 
The higher mitotic rates of Groups 3 and 4 
as compared with Group 1 suggest either local 
destruction of HS and/or its reaction products 
or the removal of these substances from the 
site of action. 

The values for percent P^- uptake are given 
with maximum deviations of individual values 
from the mean of each group. The mean in 
Group 4 is depressed by one unusually low 
value which is probably due to an experi- 


TABLE II. 


Group Xo. 

Hrs after 
hepatectomy 
vvheu solution 
was injected 

Hrs with IIS 

To cells in 
mitosis 


1 

4 

23 

0.1 

3.9 -t- oT~ 


12 (propylene glvi 

.'ol only) 15 

0.5 

4.2 -+- 0.5 

3 

12 

13 

0.3 

4.2 ± 0.1 

4 

16 

11 

0.3 

3.1 ± 1.7 

5 

22 

5 

0.2 

5.0 ^ 0.15 


' Murstiak, A., J. Gen. Physiol, 1941, 33, 275. - M.-xrsh.-ifc, A., .niul Byron, R. L., Jr., Proc. Soc. 

Exr. Biol, .vnd Mud., 194o, 39, 200. 
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table nr. 



hi^her^ ^ shows a somewhat 

^ i t^’is is probably not 

ho^r. . i' f""'’ '"as injected 24 

t in /t’’ ^^Patectomy and allowed to act 

S counts were 

taken but P - was not followed. Results were 
as shown in Table III. ® 

Although mitosis is lower in livers e.xamined 

trolftet^?"'- ''''nistration than in con- 
trols, yet It IS higher in those removed 48 

ttnre The results, as in 

e.x-periment, suggest that the HS 
inhibition IS temporary, and, upon elimination 
of HS from the liver, the rate of mitosis 
increases. Since HS has no effect on the P« 
uptake of the tissue comparable to that on 
mitosis, the results suggest that the inhibition 
observed is not produced by way of the cellular 
phosphorylating mechanism. 

The inhibition of mitosis by HS suggested 
aTso inhiS 

also inhibit mitosis in the nuclear restine 
stage. A search was therefore made for 
chromosome aberrations comparable to those 
found after x-ray treatment. None were ob- 
served. In an earlier study, it was shown that 


P™betiSr’ Jisl'ibution of 

tahar 

sions are reached on the effect of Ht; n fi, 
cellular and nuclear metabolism of phosphorus^ 
Sum;,ap, i. within 3 hours after inT-.: 

STsuIfide°”’ (;3-ch]oro- 

reduction in u P'^°duces a marked 

and aZZl "'^P-'P^ase 

dose of S «t liver. .4 

released 'nhibition is 

vented from entering into mitosis. ^ 

unfalZhr significant change in 

hLrs after 7h’^ interval 3-23 

flours after the mustard is injected 
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Application of Gersh’s Ferrocyanide Technique 

mental Renal Disease. 


to the Study of Expen- 


HAH0LDE.Hmmis0N*.iN0HENRv Bunting. (Introduced bv M r w 

Eroi« 1/1. of PatUolo.y, Yale UniversUy Sokool of 


Gersh, using histochemical methods, demon- 
strated in the rabbit, dog, monkey, and other 

* Now at the Department of Peiiiatrics, Baltimore 
City Hospitals, Baltimore, Jlaryiand. 

f Tlie work described in this paper was done 
with tlie aid of a grant under a contract, recom- 
mended by tlie Committee on Jledical Eeseareli, 
between the Office of Scientific Eesearcli and 
Development and Yale University. 


cWsoIeirby 

apparent tubular^ reabsorDr^ ^*^^^’”" without 
— ^|^:^^;j;eab^tion or secretion; 

thoS^:rr:;;;7“ir‘- «-b t. 
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these findings have been confirmed by clear- 
ance methods.' The technic as originally de- 
scribed has been slightly modified and found 
to he of value in investigating renal function 
in experimental kidney lesions in dogs and 
rabbits. 

Method. The animal is given intravenously 
5 cc per kg of a 10% solution of sodium ferro- 
cyanide [Na 4 Fe(CN)a • lOHjO]. This solu- 
tion is injected rapidly. After an interval of 
appro.ximately 5 minutes, or as soon after 
the completion of the injection as ferrocyanide 
is detected in the bladder washings (it may 
be detected almost immediately after the 
initiation of the injection in a normal dog, 
or it may not appear at all, if there is severe 
renal damage), the animal is lightly anes- 
thetized with intravenous sodium pentothal 
(15 mg per kg) and the left kidney exposed 
by a subcostal flank incision, but not manipu- 
lated in any way. .-V second intravenous injec- 
tion of sodium ferrocyanide solution is given 
in the same dosage as the first and, simul- 
taneously with its completion, the pedicle of 
the exposed kidney is clamped and cut and 
the kidney removed. Sections 1-2 mm thick 
are immediately cut and, supported on squares 
of copper screen, are dropped into a beaker 
of hexane which has been cooled to approxi- 
mately -80°C by immersion in a bath of 
solid COo in methjd-cellosolve. .After a few 
minutes the frozen kidney slices are trans- 
ferred to a dry flask chilled to -S0'’C. This 
is then connected to the manifold of a lyo- 
philizing apparatus and the tissues are dehy- 
drated in vacuo for 24 hours. The tempera- 
ture of the flask containing the sections is 
maintained at the beginning of the dehydra- 
tion at -25° to -35 °C by a bath of equal 
weights of ice and chilled 95% ethyl alcohol 
in a Dewar flask and during the last 4 hours 
of this period the flask containing the kidney 
slices is allowed to come from approximately 
-10° C to room temperature. Melted paraffin 
is added to the warmed flask and the dehy- 
drated tissues are infiltrated with paraffin by 
evacuation of the air in the flask; sections 
are cut at 25 micra and mounted without con- 
tact with water by gently spreading them on 
a warmed slide. The mounted sections are 
then e.xposed (dropping bottle technic) in 


succession to saturated solutions of ferric 
chloride in xylol and absolute alcohol and a 
2% solution in 95% ethyl alcohol. Rinsing 
in 95% ethyl alcohol, dehydration in absolute 
ethyl alcohol, clearing in xxdol and mounting 
in clarite then follows. .A. duplicate section 
may be counterstained by alcoholic eosin after 
having been run through the alcoholic ferric 
chloride solutions. In examining the sections 
that are not counterstained, the use of a sub- 
stage lamp with a pink filter facilitates the 
detection of small amounts of the blue ferric 
ferrocyanide precipitate. 

Results. .A section prepared in this manner 
from a normally functioning kidney usually 
shows a granular blue deposit within Bow- 
man’s capsule and a blue-staining of the tuft 
and capsule itself. .At times there may be no 
deposit, but the blue-staining of the capsule 
indicates that ferro-cyanide has been filtered. 
The purpose of the second injection of sodium 
ferrocyanide is to insure that there will be a 
deposit of ferric ferrocimnide within Bowman’s 
space: often none can be found here in a 
kidney with normal function after only one 
injection, as recommended by Gersh. .A blue 
deposit is detectable within the lumen of the 
proximal convoluted tubules, or adherent to 
the margin of their cells. (These tubules often 
may be somewhat distorted by artefact.) In 
the remainder of the tubular system the 
deposit in the lumen is heavier than in the 
pro.ximal convoluted tubules. 

Various experimentally produced renal dis- 
turbances have been studied by the use of 
this method. .Acute hydronephrosis was pro- 
duced by ligation of one of the ureters and the 
kidneys studied 24 hours later. In the hydro- 
nephrotic kidney, ferrocyanide precipitate was 
plentiful in the glomerular spaces and in most 
of the proximal convoluted tubules, scanty and 
only irregularly present in the loops of Henle 
and distal convoluted tubules and usually 
absent in the collecting tubules. In the control 
kidney the precipitate was found throughout 
the tubular system. 

In a dog that had received 3.5 mg per kg of 
HgCl- 24 hours previously, the ferrocyanide 
deposit was plentiful in the glomerular spaces. 
The necrotic cells of the proximal convoluted 
tubules were stained diffusely blue but no 
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precipitate was found in the rest of the tubular 
system. 

The method has also been used in the study 
of the renal injury produced by intravascular 
hemolysis and by the injection of solutions of 
hemoglobin. These results will be reported in 
detail subsequently. 


Summary. Gersh’s ferrocyanide histo- 
chemical renal function technic, slightly modi- 
fied, has been found useful in studying experi- 
mentally produced renal lesions. In contrast 
to the finding of Gersh that such preparations 
fade rapidly, these have shown no change 
after 9 months. 
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A Dialyzable Medium for Cultivation of Group A Hemolytic Streptococci.* 

Vincent P. Dole. (Introduced by Homer F. Swift.) 

From the Sospital of the Sochefelter Institute for Medical Eesearch, New Torh City. 


In the course of work with the filtrates of 
streptococcal cultures a need was felt for a 
purified medium capable of supporting abun- 
dant growth of the organisms. Synthetic media 
of the present day did not appear to meet the 
requirements fully since no one of these media 
is uniformly capable of supporting heavy 
growth of all pathogenic strains of interest. 
Ultimately such defined media should be suffi- 
ciently developed to supplant the procedures 
described in this report. 

Since it had previously been shown by 
StocH that some toxin-producing streptococci 
are capable of growing on a medium contain- 
ing only dialyzable constituents, a trial was 
made with heart muscle e.xtract and commer- 
cial peptone purified by preliminary dialysis. 
It was found that the medium made with 
these purified constituents actually allowed 
more rapid and abundant growth in most 
cases than the standard Todd-Hewitt broth= 
of sim'lar composition. The success of these 
efforts suggested that the medium might find 


* This investigation was carried out under a 
contract hetween the Eockefcller Institute for 
yiedioal Kcsearch and the Commission on Hemolytic 
Streptococcal Infections, Board for the Investiga- 
tion and Control of Influenza and OUmr Epidemic 
Diseases in the Army, Preventive Medicine Service, 
Office of the surgeon General, ^ted States Nrmy. 

1 Stock, A. H., /. Immunol, 1939, 30, 489, 

Bact., 1932, 35, 973. 


a wider use than had originally been contem- 
plated. 

Preparation of the Purified Beef Heart 
Extract. Beef heart, after being stripped of 
fat and finely ground, is soaked overnight at 
4°C in water,! 250 cc per pound of meat. 
Following this infusion the mixture is heated 
to 85°C for 30 minutes. This amount of 
heating appears to be just sufficient to coagu- 
late muscle proteins and to express intra- 
cellular fluid, yet sufficiently mild to spare 
most of the heat-labile growth factors. A 
ten-fold reduction in the quantity of meat 
required is made possible by this minimal 
exposure to heat; with more violent e-xtraction 
or with subsequent heat sterilization of the 
completed medium, a larger quantity of meat 
is needed. 

At the end of the 30-minute heating period, 
the extract is filtered through fluted filter 
paper (supported under the point of the cone 
with cheese-cloth) and the juice e.xpressed with 
a wooden masher, then cooled by immersion 
of the receiving flask in running water. The 
pink, slightly turbid filtrate, now about 300 cc 
per pound of meat, is introduced into cello- 
phane casings* each about one meter in length 
and suspended in the upper two-thirds of a 
suitable tall, narrow vessel against 2 vol- 

t No difference in tlie rate or .nmount of growth 
was observed wlien New York City tap water was 
compared with distilled water. 

tViskiiig Cellulose Sausage Casing, “NoJ.ix” 
27/32. 
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TABLE I. 

Comparison of Comniereinl Peptones. 


Brand 

% 

dialyzable 

pH of 
dialysate 

Order of 
jncreasing 
color of 
dialysate 

Precipitate 

with 

phosphate 

Order of 
decreasing 
value for 
growth 

Cost 
per lb 

Pfanstiehl 

79 

0.32 

9 (B) 

•4- 

1 

$4.10 

Difco proteose 

63 

6.80 

3 (Y) 


2 

6.00 

” ncopeptone 

80 

6.90 

7 (B) 

“f-f 

3 

6.00 

” b.nctopeptone 

89 

7.28 

4 (Y) 

0 

4 

4.85 

’ ’ tryptose 

78 

7,15 

5 (Y) 

0 

5 

6.00 

” tryptone 

8o 

7.18 

6 (Y) 

0 

6 

4.50 

Wilson bacteriological 

89 

5.57 

2 (Y) 

0 

7 

1.10 

Witte 

DO 

6 70 

1 (Y) 

-f-f 

8 

* 

Fairchild 

S3 

5.43 

8 (B) 

0 

9 

•» 


B — ^Bron-ii. Y — Yellow, *Not available. 

umes of water outside. After 12-18 hours 
dialysis at 4°C, the outside water is replaced; 
this in turn is replaced after a similar interval 
for a third dialysis. In this way an estimated 
90% of the dialyzable components are e.x- 
tracted into a volume si.Y times the volume 
of the original filtrate. 

If the pooled dialysate is not to be used 
immediately for media, it should ne.vt be con- 
centrated ill vacuo (15-20 mm Hg) to about 
1/20 the volume. With care it may be possi- 
ble to avoid the use of an antifoaming agent 
in this process; if one is required, it appears 
preferable to make small additions of ethyl 
alcohol rather than the more to.xic and per- 
sistent octyl alcohol customarily employed. 

On standing overnight in the ice bo.x, this 
concentrate yields an abundant crop of 
creatine and creatinine crystals which may be 
removed by centrifugation and discarded. No 
d.fference could be detected in the quantity of 
growth supported by the medium when these 
crystals were eliminated from one portion and 
retained in another. 

'The concentrate may be stored for a period 
of at least eight months, or longer, by freezing 
in plastic containers in a dry ice bo.x or by 
freezing and drjdng in high vacuum. The 
latter proceaure appears to be the one of 
choice, despite some difficulty in the drying 
due to the high salt content with resultant 
hygroscopic nature, since portions of the dried 
material may readily he weighed to meet the 
Varied requirements of different e.xperiments. 

A yield of about S g of the dried extract 
per 454 g (1 ]b) of the original meat is 
obtained. Excellent growth is supported fay 


1 g of this material per liter of medium, or 
with frozen preparations, a quantity repre- 
senting % lb of meat per liter. These quan- 
tities are at least twice the minimum require- 
ments for optimal growth. 

Purification oj the Peptone. In Table I 
are listed various properties of different com- 
mercial peptones. It will be seen that there 
are wide differences in their capacities to 
support growth, in cost and in color, so that 
in any particular problem the choice must 
be governed by the relative weight assigned 
to these factors. It has, moreover, been 
observed (Fig. 1) that the different peptones 
cannot be consistently graded on the basis 
of growth rate and yield since their relative 
values in this regard are in part dependent 
on the particular strain of group A strep- 
tococcus employed. 

.An experiment shown in Fig. 1 measured 
turbidimetrically the growth of 5 strains of 
group -A hemolytic streptococcus in dia'ysate 
media made with 9 different commercial 
peptones. .At zero time each tube, contain- 
ing 9 cc of medium, was inoculated with one 
loop of a 12-hour broth culture of organisms. 
Data are shown for the dialysate media ( 1 to 
9) and for the stock Todd-Hewitt medium- 
made with unpurified Pfanstiehl peptone. 

Of the peptones studied the 2 most use- 
ful for present purposes appear to be 
Pfanstiehl peptone and Difco Proteose. Both 
support e.vce!lent growth for all strains tested. 
The lower cost of the former recommends it 
for large scale uses in which economy is a 
more important consideration than freedom 
from colored impurities. These colored ma- 
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terials can be reduced, but not eliminated, 
by repeated adsorption with charcoal at dif- 
ferent pH’s; what remain tend to persist 
through any subsequent fractionations of the 
culture fluid and may for this reason be 
found most objectionable. Proteose peptone, 
on the other hand, is initially of low color 
content and can be rendered almost colorless 
by charcoal adsorption of a 20% solution at 
pH 8.0. This step also removes the slight 
precipitate that sometimes develops at this 
alkalinity. 

As a consequence of the high calcium con- 
tent of neopeptone (Difco), the dialysate 
medium with this peptone becomes turbid 
after addition of the phosphate. If removed 
by preliminary filtration, the turbidity reap- 
pears during growth. 

For purification the peptone is dissolved 
in water at 80°C to make a 20% solution, 
to which activated charcoal about SO g per 
liter is added; the mi.\ture is held at 80°C 
with stirring for one hour, then filtered hot 
through soft filter paper with the aid of suc- 
tion. The clear filtrate is then dialyzed in 
a manner similar to that of beef heart extract. 

After completion of dialysis, the pooled 
dialysate is adjusted to pH 8.0 and again 
adsorbed with charcoal SO g per liter, over- 
night at 4°C. Following removal of the 
charcoal by filtration, the solution may be 
concentrated for storage by evaporation hi 
vacuo, followed by freezing and drying. It 
is desirable to prepare as large a quantity of 
the dried purified peptone as possible in 
order to assure uniformity of e.xperimental 
results. There appear to be uncontrolled 
variations in the qualities of different lots 
of the same brand of commercial peptone. 

Preparation of the Complete Medium 
{Solid Content 2.J%). The following in- 
gredients per liter of ultimate volume are 
dissolved in about 900 cc of water, adjusted 
to pH 8.0 with approximately N/1 NaOH, 
and then brought to a volume of 950 cc.: 

Peptone: IS g (or the dialysate from 20 g 
of original peptone) 

NfaCl; 2 g 

Na^HPOi (anhydrous): 0.5 g 

This solution may be heat sterilized with- 
I'ui impairment of the growih properties, al- 


though some undesired color and precipitate 
may be formed. 

Just before use, the medium is completed 
by addition of 50 cc per liter of final volume 
of the following mixture, sterilized by filtra- 
tion: 

Beef heart extract: 1 g (or the dialysate 
from 1/S pound of meat) 

Glucose: 2 g 

(Volume adjusted to SO cc, pH to 8.0 at 
this point) 

NaHCOa: 2 g 

Since the whole medium filters at about 
the same rate as water, it might be preferred 
to sterilize entirely by filtration. In this 
case, all ingredients are dissolved in their 
final concentration (the bicarbonate again 
being withheld until the pH is adjusted to 
8.0) and the lot filtered. 

In either case the medium should be in- 
oculated immediately after completion; oth- 
erwise the pH may rise to 8.5 or higher in 
a few hours from decomposition of the bi- 
carbonate. If delay in inoculation is una- 
voidable, the bicarbonate should be omitted 
and either added later or the pH during 
growth controlled by intermittent additions 
of 18 N NaOH. 

It has been found possible, although not 
for our purposes advantageous, to combine 
the dried materia's in the proper proportions 
so that complete medium may be formed 
merely by the addition of water. Such a 
procedure may be useful when it is neces- 
sary to use small amounts of a uniform me- 
dium at irregular intervals. 

Discussion. Strains C119/SS/1 and 
J17F/38/1, shown in Fig. I, w'ere selected 
for study because they had been found by 
Pappenheimer^ to be the 2 most difficult to 
cultivate in the defined medium of Bernhei- 
mer, Gillman, Hottle and Pappenheimer.'* 
Strains D24/42/0 and JI7D were included 
because they had been found by Wilson® to 
require xanthine. Strain 5797 was currently 
in use for other purposes and was known to 

3 A. M., personal communic.ition. 

Bernheimer, .V. YV,, Gillm.an, W'., Hottle, G. -V., 
and Papponheimer, .\. Jl., J. Bact., 1942, -13, 49o. 

AViboii, .\. T.. Pkoc. .sioc. Exe. Biol, -v.xn Med., 
1945 , r,H, 249 . 
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grow abundantly on stock media. With all 
S of these strains Hartman® obtained light 
growth in the partially defined medium of 
Adams and Roe’' which, following Wilson,® 
had been supplemented wth horse serum and 
xanthine. 

The dialysate medium evidently contains 
growth factors not present in sufficient con- 
centrations in either of these semisynthetic 
media. No attempt has been made to frac- 
tionate the natural products further to 
elucidate the difference. 

A potential advantage for the dialysate 


OHartmau, T., personal conimumcatiou. 

T Adams, M. H., and Eoe, A. S., 3. Bact., 1945, 
49, 401. 


medium is the reduction in antigenic ma- 
terials otherwise introduced with unpurified 
peptone and beef heart. It was found by 
Todd® that horse serum containing strong 
precipitating antibodies for some antigens in 
Proteose peptone failed to show any reaction 
with the corresponding dialysate medium. 

Summary. A procedure is described for 
preparation of a medium containing only 
2.3% solid material, all dialyzable. The me- 
dium has been found uniformly capable of 
supporting rapid and heavy growth of group 
A hemolytic streptococci. 

The author is indebted to Dr. Eebecca C. Lanee- 
field and to Miss Dorothy Sloan for their criticism 
and help. 

S Todd, K. W., personal eoiniunuication. 
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Serum Levels and Excretion Studies in Mice Following Injection of a 
Penicillin-Albumin Complex. 


Clara jM. McKee, Geoffrey Rake, and Bacon F. Chow. 
yrow the Division of Mierobiologi/ and Division of Protein Chemistry, Squibb Institute for 
Itedicai Research, Xcic BrunswieV, X.J. 


In a previous paper’ mention was made of 
the fact that penicillin administered intra- 
muscularly to mice in the form of a penicil- 
lin-albumin complex was eliminated more 
slowly than solutions of penicillin in water. 
Since the publications by Romansky and 
Rittman®'® have shown that penicillin sus- 
pended in peanut oil is excreted more slowly 
than solutions in saline and that when bees- 
wax is added, in concentrations by volume 
ranging from 0.7S to 6%, the rate of excre- 
tion is further reduced, it seemed of interest 
to compare the efficacy of a penicillin-al- 
bumin complex with suspensions of penicillin 
in oil and in oil-beeswax. 

Method. In the studies to be described 


1 a.ow, B. D.. and MoKee, C. M., Science, 1945, 
insky, JI. J., and RUtiuau, G. E., Science, 

1944, 100, 196. Rittman, G. E., Bull. 

3 Romansky, M- J-, ,, 

p. S. Army Med. Dept., 1944, No. 81, 4 . 


comparison of serum levels and rates of ex- 
cretion was made following intramuscular 
injection of an aqueous solution of a penicil- 
lin-albumin complex, suspensions of a cal- 
cium salt of penicillin in peanut oil and in 
peanut oil containing 2, 3 and 5% beeswax* 
and solutions of penicillin in distilled water. 

Since earlier studies on rabbits had shown 
that serum levels and e.xcretion rates on in- 
dividual animals frequently varied widely, 
pooled serum and urine from groups instead 
of from individual animals were used. The 
method consisted of the intramuscular in- 
jection of penicillin in volumes from 0.2 to 
0.5 ml into groups of 30 to 80 mice. The 
dosage in different experiments ranged from 
20 to 400 Oxford units per 20 g mouse. 
For the excretion studies the first urine col- 

These suspensions were kindly supplied by Dr. 
A. E. .Jurist of Products Development L.ibora- 
tories of E. R. Squibb & Sons. The suspensions 
were made on a weight volume basis from coni- 
mereial penicillin. 
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lection was usually made one-half hour after 
iniection and the second one-half hour later. 
Thereafter, collections were made at hourly 
intervals over periods of time ranging from 
7 to 14 hours depending upon the nature of 
the preparation and the dosage given. Each 
hourly sample consisted of the pooled urine 
from the total number of mice in the group. 
The mice were picked up one at a time and 
the urine collected in a test tube. Urination 
was usually spontaneous but gentle pressure 
on the abdomen aided excretion. No spe- 
cial effort was made to empty the bladders 
of the mice before beginning the experi- 
ment. However, handling of the mouse dur- 
ing injection usually caused urination. Early 
samples were diluted I-IO with distilled 
water and passed through Swinney (Seitz 
type) filters. Later samples were filtered 
undiluted. 

For determination of penicillin concentra- 
tions the urine samples were further suitably 
diluted and tested, first by a 2-foId serial 
dilution test to determine the approximate 
concentration, and later by a more precise 
test in which small amounts (0.1 to 0 03 ml) 
of suitable dilutions were added to tubes con- 
taining 2 ml of a 10"® dilution of a Staphyl- 
ococcus aureus (Heatley) culture. Readings 
were made on the basis of turbidity after 
incubation for IS hours at 37°C, the end 
point being the highest dilution showing com- 
plete inhibition. If, however, there were 
dilutions showing partial inhibition, the end 
point was considered to be midway between 
those showing complete and those showing 
partial inhibition. The potency was deter- 
mined by comparison with a standard solu- 
tion of crystalline penicillin G. By the 2-foId 
serial dilution test it was possible to deter- 
>uine as little as 0.04 units per ml, but by 
tbe more precise test it was not possible to 
show amounts less than 0.15 to 0.2 units 
per ml. The highest concentration tested by 
this method was a 1-20 dilution, while by- 
the serial dilution test it was 1-4. 

In the serum level studies the same time 
intervals for collection were used as in the 
excretion studies. Five or 6 mice were bled 
to death from the heart at each time inter\>al 
und the samples of blood pooled. One-half 
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to three-quarters ml could be obtained from 
each mouse. Blood was collected over peri- 
ods of 4 to 10 hours depending upon the 
expected concentration of penicillin. The 
blood was allowed to clot, rvas then cen- 
trifuged, and the clear serum collected for 
test. Penicillin assay on the serum samples 
was done in the same manner as on the 
urine samples. 

The penicillin-albumin complex was made 
by equilibrating a solution of crystalline peni- 
cillin G with human albumin as described fay 
Chow and McKee.^ 

Results. In the first e.xperiments, 4 groups 
of 30 mice received intramuscular injections 
of 25 O.xford units per mouse of a penicillin- 
albumin comple.v, of a calcium salt of penicil- 
lin in peanut oil, of solutions in water of 
crystalline penicillin G or of a calcium salt 
of penicillin. Urine was collected over a 
period of 7 hours and penicillin determina- 
tions made. No investigation of serum levels 
was made. The results are shown in Table I. 

From the 2nd to the 7th hour higher con- 
centrations of penicillin were present in the 
urine of those mice which received the penicil- 
lin-albumin complex and the penicillin in oil 
than in those which received solutions in 
water. The reverse was true one-half hour 
after injection. In those mice which had re- 
ceived penicillin in water appro.ximately one- 
half of the total amount of peniciUin injected 
was excreted during the first half hour. 

In experiments with mice it is not possible 
to collect the total amount of urine excreted 
but by making frequent collections there is 
probably little loss. In Table I the volumes 
collected at the different time intervals and 


the total excretion in Oxford units is given. 
When aqueous solutions of penicillin were 
used and e.xcretion was rapid the total re- 
coveries in the 2 e-xperiments were 67.5 and 
62.5%. When a penicillin-albumin complex 
was used the total recovery was 53%, and 
when a calcium salt in oil was used recovery 
was 37 4% In another experiment, not 
shown in Table I, in which 400 Oxford unite 
in a 5% beeswa.x-oil mixture were “l^cted 
and excretion was greatly retarded, the total 
recovery was only 13.7%. It would seem 
that total recovery of penicillin was reduced 


as elimination from the body was retarded. 

In further experiments a penicillin-albumin 
complex in 4 different dose levels, 25, 100, 200 
and 400 Oxford units per mouse, was com- 
pared with like doses of aqueous solutions of 
penicillin. In all cases the penicillin-albumm 
comple.x retarded elimination. In general, 
like concentrations of penicillin were present 
in the urine 3 to 4 hours later in those mice 
injected with the penicillin-albumin comp!e.x 
than in those receiving aqueous solutions of 
penicillin. 

A series of e.xperiments was carried out in 
which a penicillin-albumin complex was com- 
pared with a calcium salt of penicillin in 
water, in peanut oil, and in peanut oil con- 
taining 2, 3 and 5% beeswax. Comparative 
serum levels and e,xcretion rates were ob- 
tained following injection of 400 Oxford 
units per mouse. All results are expressed 
in unite per ml of serum or urine. 

In 2 out of 3 experiments with aqueous 
solutions, no penicillin was demonstrated in 
the serum 2 hours after injection; in the 
third e.xperiment 0.06 unit was still present 
at this time but none one hour later. With 
the calcium salt suspension in peanut oil, 
penicillin (0.33 and 0.17 unit) was still dem- 
onstrable in the serum in 2 out of 3 groups 
at 4 hours; later teste were not made. With 
the 2% beeswax-oil, the last test was made 
5 hours after iniection, at which time the 
serum showed 0.39 unit. With the 3% bees- 
wax-oil, the last test made at 10 hours showed 
0.1 unit, and with the 5% beeswax-oi! there 
was 0.1'7 unit at 9 hours and a trace at 13 
hours. With the penicillin-albumin compIe.x, 
0.036 unit was present at 5 hours but none 
at 6 hours. Since it is generally agreed that 
less than 0.05 unit per ml is an effective 
inhibiting serum level, neither the oil nor 
the oil-beeswax experiments were carried out 
for a sufficient length of time. It would 
seem, however, that the penicillin-albumin 
complex was less effective even than 2% bees- 
wax in oil in prolonging effective serum 
levels. 

The figures on excretion indicate that the 
retarding effect of the penicillin-albumin 
complex was about the same as that of peni- 
cillin in oil. When beeswax was added to 
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the oil the e.xcretion rate was still further 
retarded, the degree of retardation being in- 
creased as the per cent of beeswax was raised. 
^Vith the penicillin-albumin complex, the sus- 
pensions in oil, and solutions in water, the 
peak of excretion was reached one-half hour 
after injection. When beeswax was added 
to the oil the peak in one e.xperiment was 
still reached at one-half hour but in another 
e.xperiment the peak was one hour after in- 
jection. With 3 and 5% beeswax the peaks 
of e.xcretion came 3 to 5 hours respectively 
after injection. As with the serum level 
studies, e.\periments were not continued for 
a sufficient length of time to observe final 
elimination of penicillin. 


Tests made 10 hours after injection of 400 
Oxford units of the various preparations gave 
the following results in units per ml of urine: 
aqueous penicillin (3 e.xperiments) 0.18, 0.08 
and <0.02, suspension in oil (3 experiments) 
3.6, 1.5, and 0.15, 2fo beeswa.x-oil (2 e.x- 
perinients) 11.6 and 9.3, 3% beeswax-oil 
19,2, 5% beeswa.x-oil 36.7, and a penicillin- 
albumin complex 0.44. Tests made 14 
hours after injection of the 2, 3 and 5^ 
beeswa.x-oil suspensions showed 5.7, 10.2 and 
19.8 units per ml respective!}' and 23 hours 
after injection of 3 and 5^ bee5wa.x-oii sus- 
pensions 2.8 and 6.6 units respectively were 
demonstrated. Thus with both 3 and 5% 
beeswax in oil, penicillin was demonstrable 
in the urine 23 hours after injection in larger 
amounts than at 9 to 10 hours after injection 
of the penicillin-albumin complex. Fig. 1 
shows the similarity of blood levels and ex- 
cretion rates following injection of a penicillin- 
albumin complex and a suspension of a cal- 
cium salt of penicillin in oil. The more 
rapid elimination when an aqueous solution 
was injected and the much greater retention 
when a suspension in oil containing S'^c 
beeswax was used are also shown. Where 
several experiments were done with the same 
preparation the figures were ax'eraged. 

The* results in mice using suspensions of 
penicillin in oil and in oil-beeswax are in 
essential agreement with those of Romansky 
and Rittman who used rabbits as the ex- 
perimental animals and extended their in- 
vestigations to man. Richardson, Miller and 
.\hlgren,‘ using dogs, found slight retarda- 
tion of absorption when a penicillin suspen- 
sion in oil was given subcutaneously. Nel- 
son^ injected 2 human subjects intravenously 
with 35,000 and 63.000 units of a penicillin- 
albumin complex and found no prolongation 
of the action of penicillin. Intramuscular in- 
jection in man has, we believe, not been tried. 

Summary. A method is described for the 
use of groups of mice in serum level and 
excretion studies on penicillin. 

slight prolongation of penicillin in the 
body of the mouse resulted from the intra- 

* Kicliaifisou, .V. P., Miller, 1., and Ahlgren, 
M. W., unpublished. 

Nelson, U. personal coinninnication. 
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muscular administration of a penicillin- 
albumin complex and a suspension of peni- 
cillin in peanut oil. When beeswax in 2, 3 
and S% concentration was added to the 


penicillin-peanut oil mixture the presence of 
penicillin in the body was greatly prolonged 
the degree of prolongation being greater as 
the concentration of beeswax was increased. 


Heterophile Antibody Followin| Administration of Blood Group-Specifio 

oubstances. 

Cornelia A. Eddy Ralph E. Wheeler, and Louis K. Diamond. 
(Introduced by David Rapport.) 

From the department of Bacteriology, Tufts College Medical School, Boston, the Boston 
Lvmg-ln Hospital, and the Blood Grouping LaUratory of Boston, Mass. 


In the course of studies on the produc- 
tion of isoagglutinins in human volunteers 
an agglutinin for sheep cells was encountered 
in the sera of a number of persons receiving 
group-specific A substance (Witebsky) and 
group-specific AB substance (Witebsky).* 
Twenty-three student volunteers of Tufts 
College Medical School participated. Six- 
teen belonging to blood groups B and 0 re- 
ceived 0.17 to 1.0 mg of A substance in- 
travenously. Blood samples were taken be- 
fore injection and again 2 weeks after. Sheep 
cell agglutinins were studied by the rtiethod 
of Paul and Bunnell.^ An increase in litre 
of the second serum of 3 tubes or more above 
the litre of the first was observed in 7 vol- 
unteers, 9 remained unchanged or showed 
less definite increases. Seven volunteers be- 
longing to blood group A received 0.05 mg 
of AB substance intravenously. Of these 
only one showed an increase of just 3 tubes. 

Since A and AB substances are used to 
neutralize the isoagglutinins of 0 blood used 
for transfusion, the question arose of whether 
individuals transfused with such blood also 
developed sheep cell agglutinins. Blood sera 

* Tlio group-spocific AB substance was supplied 
by Eli Lilly & Couipaiiy; the purified A substance 
was supplied by Sharp & Dohmo. 

iBray, W. E., Synopsis of Clinical Lahoratory 
Methods, pp. 279-281. 


were obtained before and one week after 
transfusion of 15 individuals and compared 
by the Stuart method.- Unlike the student 
volunteers, the members of this group re- 
ceived A and AB substances combined. Eight 
be.onged to blood groups B and 0; of these 
5 showed an increase in litre of 3 tubes or 
more. Seven belonged to blood group A 
and of these one showed a definite increase. 

Volunteers and transfusion recipients 
whose sheep-cell agglutinin litres were low 
before injection showed more spectacular 
rises than those with initially elevated litres. 
Of 27 individuals, whose original litres were 
1/40 or less, 14 showed an increase of 3 
tubes or more. Of 11 with original litres 
above 1/40, only one showed an increase. 

The antibody found in these sera differs 
from the antisheep antibody found in the 
sera of individuals with infectious mononu- 
cleosis in that it can be absorbed with A sub- 
stance, while the latter cannot. Further at- 
tempts to identify this heterophile antibody 
by absorption with guinea pig kidney and 
With boiled beef cells have so far yielded 
equivocal results. 

We arc indebted to Dr. Ernst Witebsky for 
va uable advice, and to Miss Lillian Kodofsky for 
c.xtcnsive tecbuieal assistance. 

- diagnostic Proccdu^^^r^^:^fr^^^, 2iid Edb 
tion, 194o, pp. 449-456. 
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Effect of Streptomycin on Experimental Infections Produced in Mice with 
Streptomycin Resistant Strains of M. tuberculosis var. Homints* 

Guy P, Youjiaxs and Elizabeth H. Williston. (Introduced by A. A. Day.) 

From the Department of Bacteriology, yorthtcesicrn Vnicersity Medical School. 

Youraans, Williston, Feldman and Hin- Methods. Eighty white mice! weighing 
shaw^ have sho^vn that virulent tubercle approximately 25 g each were divided into 
bacilli may acquire resistance to the in vitro 4 groups of 20 mice each. The first group 
bacteriostatic action of streptomycin, either was injected intravenousl 3 " with 0.1 mg of 
by prolonged e.xposure to streptomycin in a suspension of a 21 -day-old culture of a 
the test tube, or in patients undergoing treat- streptomycin sensitive H37Rv strain. The 
ment mth this agent. These findings raise second group was injected similarly with 
the important questions of whether these 0.1 mg of a 21-day-old culture of an H37Rv 
streptomycin resistant tubercle bacilli are strain which had become resistant to more 
still pathogenic and, if so, whether they are than 1000.0 pg of streptomjmin per ml fol- 
equally resistant to the bacteriostatic action lowing exposure to streptomycin in vitro 
of streptomycin while producing infection in (designated H37RvR). The third group was 
a susceptible animal. injected intravenously with O.l mg of a cul- 



Fio. 1. 

Luitfjs of tnice infocti-fl with ‘itrrjUomyriti srn.iitivo strain ll.fMiv. t jip^'r 2 rows, atrepto* 
snycin trc.-ited. Lower 2 rows, no tr<-.-itni>'iit. 

* This work was aided hv a tfrant from I'arki- » Youraaas, O. !>., Williston, E. II., Feldman, 
D.ivis and fompany, Detroit, .Mioh. «■'- -*«'* Hix^iaw, It. C.. Pror. .Storf Meet. 

The stri'ptomyvin was furnislnd Ihrontth tin- Muyo Llinic, VJtO, 21 . IJn. 
court<t,y* of Dr. L. -t- .^;v*s‘t, Ihirko, tlaris and * Stronf^ .\ str.ain. 

Coinii.any, Dvtrnit, Mi<di. 
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TABLE I. 

Effect of Streptomyeiii in Mice on Streptomycin Sensitive nnd Streptomycin Sesistant Strains of J/, 

luherculosis var. hominis. 


Organism 

Streptomyeiii 
sensitivit.v 
in vitro 
(jig/ml) 

Ault streptomycin 
inj. daily 
(fig) 

Xo. of niiee 

No. dead 

% 

niortaiity 

Xvg .amt 
of gross 
pulmiiii.iry 
tuberculosis 

1. H37Rv 

0.78 

3000 

8* 

0 

0.0 

None 

2. H3"Kv 

0.78 

None 

10 

6 

60.0 

-f-f -f 

3. H37HvR 

1000.0 

3000 

10 

10 

100.0 

, -1-+++ 

L H37EvR 

1000.0 

None 

10 

10 

100.0 

■f-n-i- 

. 1 . 15 

0.78 

3000 

lit 

0 

0.0 

None 

6. 15 

0.78 

None 

9t 

6 

O'fi.O 

-I-++ 

7. ^>7 

1000.0 

3000 

10 

5 

50.0 


8. 67 

1000.0 

None 

9t 
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Two mice died d;iy after injeetiou. 
t One mouse died day after injeetiou. 


ture isolated from a patient with pulmonary 
tuberculosis (strain 15). The grosvth of this 
culture was inhibited in vitro by less than 
1.0 fig of streptomycin per ml. The fourth 
group was injected intravenously with 0.1 mg 
of a culture isolated from the same patient 


after several months treatment with strep- 
tomycin (strain 67). At this time this cul- 
ture grew readily in vitro in a concentration 
of streptomycin of 1000.0 pg per ml. 

Half of the mice in each group served as 
controls whereas the other 10 mice were 
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Pig. 3. 

Lungs of mice infected witli streptomycin sensitive strain 15. X'pper 2 rows, streptomycin 
treated. Lower 2 rows, no treatment. 


treated with a total of 3000.0 pg of strep- 
tom3'cin daily, given subcutaneously in 4 
equally divided doses at intervals of 6 hours. 
Treatment was continued for a period of 35 
da\’s at which time the surviving mice were 
sacrificed and observed for the presence of 
gross tuberculous lesions. Portions of the 
lungs of 2 mice in each group were cultured 
for the presence of tubercle bacilli and the 
cultures obtained were retested for their 
sensitivity to streptomycin in the manner 
described previously.- 

Results. Table I shows the results of the 
treatment of mice experimentally infected 
with streptomycin sensitive and resistant cul- 
tures of virulent human-type tubercle bacilli. 
Groups 1 and 5 confirm our previous report* 


- Youman.s, G. I’., Quart. Hull. Xarlh. I'nir. .M><l. 
Schnul, 1045, II). 207. 

^ Youmans, G. P., and McCarter, .1. C., .I«i. Ki i. 
Tuinre.. 1045, .IS, 432. 


that streptomycin exerts a marked suppres- 
sive effect on tuberculous infections of mice. 
.All the mice in these 2 groups gained weight 
over the period of treatment and showed no 
gross evidence of tuberculosis upon autopsy. 
Groups 3, 4, 7 and 8 show clearly that not 
only are the streptomycin resistant cultures 
virulent for mice but also that streptomycin 
in the doses used does not influence the 
course of the infection. 

Fig. 1, 2. 3 and 4 show the lungs of the 
mice. These illustrate graphically the effect 
of streptomycin in suppressing the infections 
produced by the streptomycin sensitive tu- 
bercle bacilli and the ineffectiveness of strep- 
tomycin for the suppression of infections 
caused by the streptomycin resistant strains. 

Tubercle bacilli were reisolated in cultures 
from the lungs of mice from all 10 groups, 
though in smaller numbers from those infected 
with the streptomycin sensitive cultures and 
treated with streptomycin. The streptomycin 





sensitivity of these reisolated cultures was 
found to be the same as before injection into 
the mice. 

Summary. Streptomycin resistant human 
type tubercle bacilli were found to be as 
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For estimating the degree of stability of a 
variety of materials, both biological and non- 
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Fig. 1. 

Cuttks shoiring eoniparative rates of inactivation 
at C1.5°C of Lee, PBS, and Weiss strains of influ- 
enza virus in untreated allantoie fluids. 

the processes that occur slowly at normal tem- 
peratures. In view of the slow deterioration 
at temperatures up to 37'C of the immuniz- 
ing and hemagglutinating antigens of influ- 
enza virus, it seemed desirable to define a 
convenient temperature at which obseiA'aiions 
could be made rapidly in order to facilitate 
studies of the relative stability of different 
preparations of varus or vaccine. In the 
course of preliminary experiments at 56-65 'C 
it was found that distinct differences exist 
among strains in terms of the rate of de- 
struction of the red cell agglutinating capacity 
of the virus. These findings were e.vplored 
further. It is the purpose of this preliminarv' 
communication to present the evidence ob- 
tained thus far revealing the existence of wide 
differences in the stabilitj' of hemagglutinin 
not only among strains but among different 
lines of the same strain as well. 

1 Hirst, G. K., J. Exp. ilcd., 1942, 7G. 195. 

2 Francis, T., Jr., Jn. J. By 3 -, 1945, 42, 1. 

Sail-, J. E., Pearson, H. E.. Bro-.vn. P. X.. 

Startho, C. J., and Francis, T., .Ir., Am. J. Bjo., 
1945, 42, 307. 

^ Miller, G. J. Exp. 1944. SO, 507. 

-StanlcT, W. IL, J. Exp. Hal., 1945, 81, 193. 


Materials. Various strains were compared 
and in some instances the same strain which 
had been passaged in different hosts, or cul- 
ture media, was examined. The strains and 
passage histories will be indicated in the 
te.xt. The studies reported here have been 
done on allantoic fluid obtained without red 
blood cells from infected chick embryos. 

Methods. As the source of heat, a water 
bath was used in which the temperature was 
accurately controlled within less than 0.1° 
in the region of 61.5“C This temperature 
was employed simply because the mercurj' 
thermo-regulator was originally set at this 
temperature when an attempt was made to 
adjust it to 62 °C. Preliminarj' tests indi- 
cated that 62 'C was convenient for the ma- 
jority of strains e.xamined. In some experi- 
ments at lower temperatures less well con- 
trolled heating equipment was used. , For de- 
termining stability to heat, the virus suspen- 
sions were distributed in 0.5 cc quantities in 
small rubber-stoppered test tubes and placed 
in a rack suspended in the bath. At intervals, 
a tube containing the 0.5 cc aliquot was re- 
moved and immersed in iced water. .-^11 sam- 
ples of the same virus suspension were stored 
in iced water or in the 4°C refrigerator and 
tested for titer of hemagglutinin at the same 
time. 

The method for estimating hemagglutinat- 
ing potency has been described.'' The tech- 
nic employed involves the use of 0.5 cc 
quantities of the serially diluted test material 
and an equal volume of 0.25% suspension 
of chicken eiythrocv'tes. Serial dilutions were 
made with an automatic svTinge. The end- 
point of the titrations is taken to be the 
highest dilution showing complete agglutina- 
tion as revealed by the jiattem of the sedi- 
mented cells. Titers are expressed as the 
reciprocal of the final dilution of starting ma- 
terial. Procedures providing greater accuracy 
were not required since gross changes, rather 
than slight variations, were e.xpected. 

Results. The initial observations were made 
in the course of expieriments with the 3 strains 
of influenza virus which were present in the 
vaccine recently used by the .-^rmy,- i.e., the 
PRS and Weiss strains of T\-pe A virus and 

<;S;ilk, J. E.. J. li.imxh.J., 1944. 49, 57. 
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Cui vea siiowiiig rates of inaetivatioii at 61.5'’C of 
hemagglutinin of Lee strain of influenza virus 
Type B in 8 different samples of allantoie fluid and 
of Weiss strain of Type A virus in 12 different 
samples of allantoie fluid. (Degree of variation 
in 8 bnteliea shown on Lee curve. Similar degree 
of variation along Wei.ss curve not shown.) 


the Lee strain of Type B virus. The PR8 
strain had previously been passed through a 
small number of ferrets, then through 593 
mouse transfers, from which it was then in- 
troduced into the chick embryo for almost 
SO passages. The Weiss strain had come 
through 3 ferret passages, 32 mouse transfers 
and 53 egg passages. The Lee strain, after 
about 8 ferret passages followed by 137 


mouse passages, was in the 8Sth to 90th egg 
transfer. Fig. 1 shows the results of a typical 
experiment in which it is seen that the hemag- 
glutinin of the Lee strain was much more 
stable than those of the PR8 and Weiss 
strains, and that Weiss was much less stable 
than PR8. That these variations are related 
to the different strains of virus and not to in- 
dividual variations among different prepara- 
tions of allantoic fluid is suggested by the 
data shown in Fig. 2. In this exper.men 8 
different pools of allantoic fimd containing the 
Lee strain and 12 different pools comarning 
the Weiss strain were compared. 

samoles of the Weiss strain had no de- 

!eV.r Silvern, ate ® « 


61.5°C, little or no change in titer was ob- 
served among the 8 samples of the Lee strain 
in 2 hours. In fact, hemagglutinin of the Lee 
strain was still detectable after 24 hours, and 
in some samples after 36 hours. 

The difference between the strains illustrat- 
ed has been observed repeatedly and consis- 
tently with successive passages of these par- 
ticular lines of the respective strains. That 
the differences are due to properties of the 
virus and not to some extraneous factor in 
the allantoic fluid is indicated by examina- 
tion of the rate of inactivation of the hemag- 
glutinin present in a mixture of the Weiss and 
Lee strains in allantoic fluid. The admixture 
with allantoic fluid containing the Weiss strain 
did not alter the shape of the curve of in- 
activation of the hemagglutinin of the Lee 
component. The difference between strains 
was still evident in preparations in which virus 
was separated from allantoic fluid by adsorp- 
tion on red cells and elution’’" into a medium 
other than allantoic fluid, or after adsorption 
on calcium phosphate** and resuspension in 
physiological solutions. The influence of the 
composition of the physiological solution on 
stability will be described elsewhere. 

In view of the striking difference in be- 
havior of the Lee strain of Type B virus 
when compared with the PR8 and Weiss 
strains of Type A virus, it seemed of interest 
to determine whether the greater stability of 
the hemagglutinin was a characteristic of 
Type B strains. Accordingly, a variety of 
both A and B strains in allantoic fluid was 
examined. 

-A group of 8 Type A strains from different 
epidemics of the past several years was tested. 
The prior history of laboratory passage varied, 
but in all instances the strains e.vhibited less 
stability than the PR8 and Weiss strains. 
Since 61.5“C seemed to be above the critical 
zone of destruction of the hemagglutinin of 
these strains, preliminary tests were conducted 
at 50- C. .At this temperature strain differ- 
ence was evident. 

Only 1 of 19 Type B strains tested exhibited 
a stability curve approximating that of the 

T Francis, T., .7i „ aiui .Salk. J. E., ScUncc, 1942, 
Oti, 499. 

sSaik, J. E, Si'imrr, 101, 122- 
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Lee strain. The e.xception was the ■‘BON'” 
strain isolated in Dr. Burnet’s laboratorj^ in 
Australia in 1943 Of the other 18 strains, 
all of which had been isolated in chick, em- 
byros in this laboratory, two! were obtained 
from a localized outbreak in Alay 1945 and 
the remainderl during the epidemic of 1945- 
46."* The 2 strains from the Alay 1945 out- 
break had been passed 30 times in eggs and 
all of the 16 strains from the 1945-46 epi- 
demic had been passed less than 10 times. 
Strain difference was again encountered. The 
hemagglutinin of all but 3 strains was de- 
stroyed in 5 to 15 minutes at The 

3 exceptions (Allen, Goodloe and Hacker), 
which were more resistant, were among the 
16 strains obtained in the 1945-46 epidemic. 
Although the 2 strains isolated from the Alay 
1945 outbreak had been passed 30 times in 
eggs, they were no more stable than the ma- 
jority of the newer strains which had had 
fewer passages. It would appear from these 
observations that the particular line of the 
Lee strain, the stability of which has been 
described, cannot be considered representative 
of all Type B strains. Moreover, differences 
e.xist in the stability of the hemagglutinating 
property of strains of virus isolated from the 
same outbreak. 

Since the Lee, PR8 and Weiss strains have 
had long lines of laboratory passage, it seemed 
possible that the difference between these and 
the recent strains might be related to this 
factor, in part at least. Accordingly, the 
Lee and PR8 strains of virus which had been 
niaintained in different hosts for varying num- 
bers of passages were transferred to eggs 
and the allantoic fluids obtained were then 
tested for stability of their hemagglutinating 
capacity. Tables I and II show the results 
Q 2 such e .xperiments. From these data it is 

Ik'reriilge, W. I. B., Burnet, F. il., and Wil- 
!S. E., Aiisirnlian J. Ejrp. Biol, uiiti Mrd. 
•''‘■t.. 1044 22 1 

• 4Ia.v. l',)4,-), straiius— fliaddk-k and Eetor. 

t'->4o-4ti strains—Alleii, Amdall, Baker. Be- 
■”'>>i'le, Goodloe, llaeker, Jleulder, Ifindell, Xeu- 
**rt. Olsen, Orlebeek, Feaeoek, I’otter, Sadow.ski, 
•''kiiium. Solomon. 

'"Fraiieis, T., ,lr., Salk, .1. E., and Brat-e. Win. 
■ Am. .Me,!, .t.t.s,,.. li)4(). IBI, '27:,. 


seen that differences exist in the degree of 
stability' of the hemagglutinin of the different 
lines of the same strain. In view of the 
greater stability of preparations having the 
longest history of egg passage, regardless of 
previous passage in other media, the following 
was done to determine the influence of change 
in host on the stability of the hemagglutinat- 
ing property of the viruses. The regular egg- 
passage lines of the PR8 and Lee strains were 
transferred to mice and carried through 14 pas- 
sages. After successive passages- in mice the 
virus was returned to the egg and tests were 
made of the stability of hemagglutinin in the 
initial egg transfer from mouse material. In 
the series thus far, passage of the egg-line in 
mice has not altered the stability of the 
hemagglutinin of the respective strains of 
virus. The reverse of this e.xperiment, i.e., 
passage of the ferret or mouse lines through 
27 egg transfers, has not changed the char- 
acter of the virus in terms of the heat stability 
of the hemagglutinin. 

The persistence of line difference, even after 
change in host or culture medium, suggests 
that the host factor is probably of secondary 
importance and that intrinsic differences of an 
inheritable nature are involved. The follow- 
ing e.xperiment is cited in further support of 
the suggestion that the viruses maintained in 
the separate lines are distinct in terms of 
heat stability of the hemagglutinin. Chick 
embryos were inoculated with mixtures of the 
standard egg-line (Table II, Col. 1) and the 
ferret egg-line (Table II, Col. 3), combined 
in varied proportions. E.xamination of the 
infected allantoic fluids for heat stability of 
hemagglutinin indicates that viruses of both 
lines grew simultaneously and were present in 
different concentrations depending upon the 
relative quantities of the respective lines of 
virus in the different inocula. 

Reference has been made to results of other 
studies that have a bearing on the observa- 
tions reported here. In Hirst's studies,' in 
which he found that infectivity was destroyed 
more rapidly than hemagglutinating activity, 
the PR8 and Lee strains did not differ- in 
the rate at which hemagglutinin was destroyed 
at 55 and 60 C. Miller' followed the rate 
of decline of infectivity and hemagglutinating 
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Time at 61.0'’ 

(hr) 

Ferret No. 198 

593 mice 

56 eggs 

Verret No. 198 

70 mice 

719 tiss. cult. 

99 eggs 

Eerret Ho. 198 

713 mice 

% 

Va 

1 

2 

4 

20,000+ 

10,000+ 

10,000 

2,560 

640+ 

SO-f- 

10,000+ 

640 

160+ 

20+ 

0 

0 

3 eggs 

10,000+ ~~ 
0 

0 

0 

0 

0 



1 

o 


5,000+ 

o,000+ 

5,000+ 

5,000+ 

5,000+ 

o,000+ 


10 , 000 + 

5,000+ 

5,000+ 

2,560 

320+ 

0 



activity of the PR8 and Lee strains and found 
in the course of 4 months at 4°C that the 
Lee strain was less stable than PRg. xjjg 
observations described in the present report 
suggest the likelihood that the different find- 
ings in different laboratories may be related 
to the appearance of true variants, with re- 
spect to the property in question, that may 
have developed in the course of passage of 
the same original strain. ° 

Jones‘1 reported the adaptation to heat of 
the infectious component of influenza virus 
induced by subjecting the virus-containing sus- 
pension to temperatures of 50 to 56 °C be- 
tween successive passages. In personal com- 
munication it has been learned that heat re- 
sistance was maintained for 3 passages with- 
out heat treatment between passages; longer 
passage without heating has not been studied. 

It would appear from Jones’ studies that the 
procedure employed resulted in the same ef- 

M Jones. M., Proc. Soc. Esp. Biol. jVxd Med., 
1945, 58, 315. 
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influenza viruses it has been shown that dif- 
ferent strains of the same type vary in their 
antigenic makeup^^ as well as in their infective 
capacities'® and adaptability for different 
hosts;'* strains of virus differ with respect to 
toxicity'* and it appears that the capacity for 
the 0 to D transformation'® described by 
Burnet also varies. Moreover, the character- 
istics of chicken red cell adsorption-elution, 
in terms of temperature and time, are different 
for the PR8 and Lee strains.' Studies of 
certain biophysical properties of a few strains 
of influenza virus have been made. The 
biophysical properties which have been con- 
sidered are related to particle size and elec- 
trical charge.®® With the exception of sug- 
gestive variations in size,®' differences in the 
properties of strains have not been reported. 
It would appear reasonable to consider, as 
another physical property, the resistance to 
disruption of the biological activities of the 
virus. From this viewpoint, the present 
studies have revealed that strains of influenza 
virus differ widely in at least one biophysical 
characteristic; namely, the critical tempera- 
ture of destruction of hemagglutinating ac- 
tivity. It has been found, moreover, that 
in these terms different lines of the same 
strain also vary. 

In summary it may be said that the ab- 
sence of uniform reaction in terms of stability 
to heat, among different strains of virus, and 
in fact among different lines of the same 
strain, suggests another approach to the study 
of the physico-chemical properties of the in- 

'^Jlagill, T. P., and Francis, T., Jr., Brit. J. 
Erp. Path., 1938, 10, 273. 

'» Francis, T., Jr., and Magill, T. P., Brit. J. Exp. 
i'ath., 1938, 10, 284. 

'• Fr.incis, T., Jr., Trans, and Studies of Coll, 
of Plips. of Phila., 1941, 8, 218. 

'S Ilenie, W., and Ilenle, G., Science, 1945, 103, 
398. 

'® Burnet, F. M., Beveridge, W. I. B., and Bull, 
B. R., Austral. J. Exp. Biol, and iled. Sci., 1944, 
‘■ 32 , 9 . 

®®Lauffer, il. A., and Stanley, W. M., J. Exp. 
Bed., 1944^ 80, 507. 

®' Board, J. W., Sharp, D. G., Taylor, A. B., 
VcLean, I. W., Jr., Beard, B., Feller, A. E., and 
Bingle, J. U., Southern iled. J., 1944, 37, 313. 


fluenza viruses as well as studies of inherita- 
ble variations in these elementary living units. 

The practical implications of the present ex- 
periihents are pertinent to the problem of 
vaccine antigenicity and stability. The ex- 
tension of the observations on the stability 
of the hemagglutinating capacity of the virus 
to the question of stability of antigenicity is 
dependent upon the relationship between the 
hemagglutinating and immunizing properties. 
Although conclusive evidence of identity, or 
lack of identity, has not yet been obtained,®-^ 
the trend indicates sufficient parallelism to 
warrant the suggestion that the stability of 
the hemagglutinin at elevated temperatures 
may permit predication of stability of im- 
munizing capacity at lower temperatures. As- 
suming that the same processes occur at the 
different temperatures, but at different rates, 
the technic employed in these studies may 
be of practical value for rapid determination 
of the manner in which the virus should be 
manipulated in order to achieve the most 
stable vaccine. The fact that strains and 
lines of virus differ in stability suggests the 
possibility that with strains or lines of similar 
antigenic valence, the more stable one may 
be more desirable in a vaccine. While this 
would appear self-evident, considering the 
vaccine in the interval between preparation 
and inoculation, it remains to be seen whether 
greater resistance to disruption is advantage- 
ous after the vaccine has been inoculated. 
One could speculate either way; e.g., that 
the more stable virus would be less liable to 
destruction before it has reached the anti- 
body-producing centers, or that a more stable 
virus may be less reactive in antibody forma- 
tion. To what extent these considerations 
enter the problem of immunization will have 
to be investigated. 

Summary. A report has been made of the 
observation of variation among different 
strains and different lines of the same strain 
of influenza virus with respect to the heat- 
stability of the hemagglutinating property. 
Certain theoretical and practical implications 
of this obserx'ation have been discussed. 

The teelmic.il assistance of iliss Leo tVliyte is. 
gratefully acknowledged. 



140 


15525 


Effect of Formalin in Increasing Heat Stability of Influenza Virus 

Hemagglutinin.* 

Jonas E. Salk. (Introduced by Thomas Francis, Jr.) 

From the Department of Epidemiology and the Vintx Laboratory, Schoni of Fitblie flealth. 

Unircraity of Michigan. 


A study of the heat stability of influenza 
virus hemagglutinin was recently reported* in 
which strain and line variations were described. 
Additional findings of interest have been re- 
vealed in further studies employing the same 
technics. It is the purpose of this communica- 
tion to report the observation of an increase 
in heat-stability of the hemagglutinin of in- 
fluenza virus in the presence of low concen- 
tration of formalin, and to discuss certain e.x- 
tensions of the previous observation of strain 
differences as evidenced by the variable effect 
of formalin on several strains of virus. 

Materials and Methods. The source of 
virus in these e.xperiments, as before, was the 
allantoic fluid of chick embyros infected with 
the various strains. A constant temperature 
water bath at 61.3® C was used and the method 
for titrating hemagglutinin is the same as 
that employed before. The term formalin 
refers to a solution containing 40% of for- 
maldehyde by volume. 

Residts. Formalin, in proper concentration, 
destroys the infectivity of influenza virus, but 
the immunizing property is retained.- Simi- 
larly, formalin will destroy infectivity with- 
out altering hemagglutinating capacity.-’ Since 
an excess of formalin will destroy not only 
infectivity, but other properties of the virus 
as well,”-* it was anticipated that in the pres- 
ence of progressively increasing concentrations 
of the chemical there would occur a corre- 
sponding increase in rate of destruction of 


* These investigations were aiiletl through the 
Coinniission on Influenza, Bo,arcl for the Investiga- 
tion and Control of Influenza and Other Epidemic 
Diseases in the Army, Preventive Medicine Service, 
Office of the Surgeon General, United States Army. 
1 Salk, J. E-, PKOf- 

^^2 Sinitk, tv., Aiidrcwes, C. H., and Laidlaw, P. P.. 
r'n’f r Exn. Path., 1035, Id, 001. 

3 Hirst G. K., J. Eip. Med., 1942, TO, lOo. 

4 Eaton, M. D., J. Immunol, 1940, 39, 43. 


hemagglutinin at any given temperature. It 
was of interest to find that with 2 of the 3 
strains originally studied, the stability of 
hemagglutinin at 61.5°C was considerably 
greater in the presence of 0.05% formalin 
than in the unformalinized control. Table I 
illustrates the effect observed when the con- 
centration of formalin was varied in allantoic 
fluids containing the PR8 and Weiss strains 
of Type ,4 virus and the Lee strain of Type B 
virus. From these data it is seen that the 
stability of the hemagglutinin of the PR8 and 
Weiss strains was enhanced in the presence 
of the lowest concentrations of formalin used. 
In contrast, the Lee strain of Type B virus 
showed a progressive reduction in stability 
of its hemagglutinin with increasing concen- 
trations of formalin; even the smallest quanti- 
ty had a deleterious effect. It is of interest 
that the 2 Type A strains differed with re- 
spect to the degree of difference between the 
untreated and the formalin-treated prepara- 
tions and that the range of formalin concen- 
tration in which the effect was observed was 
greater for the Weiss than for the PR8 strain. 

In view of these differences a number of 
other strains was examined to see if a type 
difference was involved. A group of 13 Type 
B strains was tested. Among these were the 
BOX strain isolated in Doctor Burnet’s lab- 
oratory in 1943,-'’ 2 strains isolated from an 
outbreak of May 1945 and 10 strains isolated 
in this laboratory from the epidemic of 1945- 
46.® Some were tested with different quanti- 
ties of formalin and others were tested only 
with the 0.05% concentration. In all 13 an 
increased stability of hemagglutinin was evi- 
dent in the presence of the formalin. Table 
ri illustrates the effect of different concentra- 

■*> Beveritlgo, W. I. B.. Burnet, P, M., uml Wil- 
liams, S. E„ Ai(.slrat. .1. Exp. Biol, and Med. Sci., 
1 <) 44 , 22 , 1 , 

uFiamis, T., Jr.. .Salk, .1. E., am] Bravo, W. M., 
J. .im. Med. Js.m., 19IB, 131, 275. 
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Concentrations of formalin, 


0 

0.05 

0.10 

0.20 

i'liS 

0 

20,000+ 

20,000+ 

20,000+ 

20,000+ 

(Type A) 

.5 

10,000 

20,000+ 

20,000+ 

10,000 

F-iys 

1 

5,000 

10,000+ 

10,000 + 

2,560 


2.5 

640 + 

5,000+ 

2.560 

u 

h’-oU 

(5 

0 

640+ 

i) 

0 


s 

0 

80+ 

0 

0 

WELSS 

0 

10,000+ 

10.000+ 

10,000+ 

10,000+ 

(Type A) 

.25 

5,000+ 

10,000 

5,000-j- 

5,000+ 


.5 

1,280+ 

5,000+ 

5,000+ 

5,000+ 

.M-32 

1 

160+ 

5,000+ 

5,000 + 

5,000+ 

ii-54; 

2 

0 

5,000+ 

5,000+ 

2,560+ 


4 

0 

1,280 

2,560+ 

640 


8 

0 

640 

640 

SO 

LEE 

0 

10,000+ 

10,000+ 

10,000+ 

10,000+ 

(Type B) 

1.5 

10,000 

10,000 

160+ 

0 

F-S 

3 

10,000 

1,280 

0 

0 

M-137 

6 

5,000+ 

0 

0 

0 

n-I02 

0 

5,000+ 

0 

0 

0 


Id 

1,280 

0 

0 

0 


0.5l) 

20 , 000 + 

0 

0 

0 

0 

0 

10 , 000 + 

2,500 

40 

0 

0 

0 

0 

10 , 000 + 

0 

0 

0 

0 

0 


TABLE II. 

Hate of Destruction at Ol-o'C of Hemagglutinin of the Amdall Strain* of Type B Influenza 
Virus in Allantoie Fluid Containing Different Concentrations of Formalin. 


Time at 
61.5°G 
(hr) 



Concentrations of formalin, % 



0 

0.01 

0.025 

0.05 

0.10 

0.25 

0.50' 

0 

5000 

5000 

5000 

5000 

5000 

5000 

5000 

.25 

0 

640+ 

2560 

5000 

5000 

1280+ 

0 

.5 

0 

320 

1280+ 

25604" 

5000 

100 

0 

1 

0 

80 

640 

1280+ 

1280+ 

0 

0 

•> 

0 

0 

320 

1280 

1280 

0 

0 


* In sixth egg-passage. 


lions of formalin on one of the recently isolat- 
ed Type B strains and Table III shows the 
effect of 0.05% formalin on several other 
strains as well. In terms of the effect of 
formalin in a concentration of 0.05%, it is seen 
that variations exist among the strains shown 
in Table III, all of which had been isolated 
from the same outbreak. It appears from 
these data that the Lee strain is exceptional 
among the Type B strains, thus far tested, 
with respect to the effect of the presence of 
formalin on the stability of the hemagglutinat- 
'ng component of the virus. In view of the 
variation in heat-stability of 3 different pas- 
sage lines of the Lee strain reported previ- 


ously,' it was of interest to find that all 3 
lines behaved in the same exceptional way 
in the presence of formalin. 

Table IV illustrates the observations made 
in tests of 3 Type A strains isolated in this 
laboratory, other than PR8 and Weiss. All 
3 showed a slight enhancement of stability 
in the presence of formalin, but the effect was 
strikingly less marked than in the case of 
the Type B strains shown in Tables II and 
III. ^Moreover, a somewhat higher concen- 
tration of formalin was required to produce 
the slight effect evident in the Type A strains 
shown in Table IV. 

In summary, these data show that in the 
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TABLE III, 

Bate of Destruction of Hemagglutinin of 5 Strains of Type B Influenza Virus from the 134546 Epidemic, 
Comparison of Fornialinized and Dnformalinized Allantoic Fluids. 


Time at 
61.5°0 
(hr) 

Amdail 

ISTeUbert 

Sadowski 

Mindell 

Baker 

'no 

Formal, 

.05% ' 
Formal. 

No 

Fonnal. 

.05% ' 
Formal. 

' No 
Formal. 

.05%' 

Formal, 

' No 
Formal. 

.05% 

Formal. 

! 

No 

Form.al. 

.05% ' 
Formal, 

0 

25G0-f 

23e0-j- 

2560-1- 

2560-1- 

2560-1- 

2560-1- 

1280-1- 

1280-1- 

1280-1- 

1380-f 

.25 

0 

— 

0 

— 

0 



0 

— 

■'0 

neo-f 

1 

0 

2560-1- 

0 

1280 

0 

640-1- 

0 

1280 

*0 

*40 

2 

0 

2560 

0 

640 

0 

320 

0 

640-1- 

•0 

*0 

4 

0 

1280 

0 

320 

0 

20-f 

0 

320 



G 

0 

320 

0 

80 

0 

0 

0 

80 



S 

0 

20-f 

0 

0 

0 

0 

0 

0 



10 

0 

0 

0 

0 

0 

0 

0 

0 




* Successive intervals were 5, 10, 15 minutes instead of time shown in first eolumn. 


TABLE rV. 

Bate of Destruction at of Hemagglutinin of 3 Strains of Type A Influenza Virus in 

Allantoic Eluids Containing Diiferent Concentrations of Formalin. 


Strain 

and 

passage 

Time at 



Concentrations of formalin, % 



61,5®C 

(min) 

f 

0 

.01 

.025 

.05 

.10 

.25 

.50 

Johnson 

(1943) 

Type A 

F=:0 

11^=0 

E=9 

0 

IS 

30 

60 

130 

5000-1- 

'20 

0 

0 

0 

5000-1- 

20 

0 

0 

0 

5000-1- 

40-f 

0 

0 

0 

5000-f 

160-h 

20-f 

0 

0 

5000-f 

160-f 

160 

20-f 

0 

5000-f 

640*1- 

320 

20-f 

0 

5000+ 

40f 

0 

0 

0 

Scott 

(1943) 

F=0 

M=:0 

E=7 

0 

5 

15 

2560-1- 

0 

0 

2560 -f 

0 

0 

2560-1- 

0 

0 

2560-f 

20 

0 

2560-f 

40-f 

0 

2560-f 

0 

0 

2560+ 

0 

0 

Baum 

(1941) 

Type A 

F=:l 

M=10 

E=41 

0 

5 

15 

30 

10,000 

640-1- 

0 

0 

10,000 

640-1- 

0 

0 

10,000 

2,560 

0 

0 

10,000 
2,560-f 
40 -f 

0 

10,000 

2,o60-f 

320-f 

Q 

5000-f 

0 

0 

0 

0 

0 

0 

0 


presence of small concentrations of formalin 

the hemagglutinin of all but one of 19 strains 

of influenza virus tested is more stable when 

subjected to a temperature of 6l.5°C and 

that the effect on different strains varies. 

In an effort to determine the influence of 

time on the reaction between formalin and 

he hemagglutinating factor tests were made 

f w stability at intervals after storage 

! m mlctures of formalin and 

Weiss or PR8 strains tested immediately after 

nrenaration or after storage for 2 days or 2 
preparation were mdis- 

rgui;hable.Pj^dthe— ^ 

S desSon of hemagglutinin at the 4<’ 


storage temperature. In another e,\'periment, 
in which formalin was added after the virus 
preparation had been heated for different 
periods of time, the hemagglutinating capacity 
was not restored; although in an aiiquot the 
hemagglutinating capacity was retained when 
formalin had been added prior to heating for 
corresponding intervals. It would seem, there- 
fore, that the presence of formalin delays the 
destructive effect of heat on hemagglutinin; 
however, the addition of formalin to a heated 
virus suspension does not reactivate the 
hemagglutinin. 

Discussion. The observations reported in 
this communication are of interest with re- 
spect to several questions. 
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It has been noted with almost all strains of 
influenza virus examined that the heat-stabili- 
ty of the hemagglutinating property was en- 
hanced in the presence of low concentrations 
of formalin. This is similar to the finding 
of Schmidt, Glenny, Ramon, and others who 
reported that the stability of diphtheria toxin 
to heat-denaturation was increased after treat- 
ment with formaldehyde for production of 
to.xoid.^ It is also known that formalinized 
pneumococci are more stable than unformalin- 
ized organisms*' and that greater stability to 
the denaturing action of heat can be pro- 
duced by formaldehyde treatment of pro- 
teins.* The e.\act mechanism of the formal- 
dehyde effect, in which toxicity or infectivity 
is destroyed without impairing other antigenic 
properties, is unknown. Many hypotheses 
have been suggested.”’®'^® The present ob- 
servations support the speculation that in ad- 
dition to blocking or destroying the chemical 
groupings necessary for toxicity or infectivity, 
some intramolecular rearrangement occurs 
producing an effect that might be described 
as “fixation” of other reactive groups. 

A curious fact with respect to influenza 
virus is the variation observed in the behavior 
of the hemagglutinating factor of different 
strains in the presence of formalin. Lack of 
uniformity in the reaction of the various 
strains of virus with so simple a substance as 
formaldehyde suggests that the chemical 
groupings in the constitution of the individual 
strains differ widely, either quantitatively or 
qualitatively. 

It is of further interest that differences in 
the formalin effect were observed among 
strains of virus isolated from different pa- 
tients in the same geographical area during a 
recent epidemic of influenza B.® These same 
strains have been found to possess differences 
in serological® and physical' properties. Varia- 
tions in virulence and serological differences 

• Katon, It. D., J. Immunol., 1937, 33, 419. 

s Tao, s. M., Chinese Med. J., 1932, 40, 12. 

'•> Lovaditi, C., Lepino, P., aud Verge, J., in Lcs 
liitraiirus des Maladies Animales, M.aloiiie, Paris, 
t3t3, pp. lOS-110. 

lePoyd, W. C., in Fundamentals of Immunology, 
Intcrscienco Publisher, Xew York, 1943, pp. 
104-103. 


among strains of influenza virus have been 
described previously" and the problems posed 
by strain variations have been discussed by 
Francis,'- .Andrewes,'® Burnet," and others. 
The fact that strains of virus from the same 
outbreak are intrinsically different indicates 
that variants manifested by differences in cer- 
tain properties do occur very readily in na- 
ture. An agent, so labile in its genetic con- 
stitution as to vary in the course of multipli- 
cation in the same host or from host to host, 
may be e.xpected to alter its biological be- 
havior quite unpredictably. This character- 
istic may serve to explain, in part, the strik-. 
ing variability of influenza virus activity both 
clinically and epidemiologically,'® 

With respect to the more immediately prac- 
tical question of influenza virus vaccines, the 
finding of an increased stability of the virus 
hemagglutinin after formalinization.of all but 
one of the strains tested suggests, that the 
problem of a useful inactivating, agent had 
been solved. The e.xact relationship between 
hemagglutinating activity and immunizing ac- 
tivity is stD] under investigation. The trend 
of studies reported'®''* as well as those in 
progress invites the speculation that the tech- 
nics employed may furnish information of 
value with respect to the relative stability of 
the immunizing capacity of influenza virus 
vaccines prepared or treated in various ways. 

Summary. The observation of an increase 
in heat-stability of the hemagglutinating prop- 
erty of influenza virus in the presence of low- 
concentrations of formalin has been described. 
Differences in the effect of formalin on dif- 
ferent strains has been reported and discussed. 

Tlie teclmic.al assistance of Jliss Lee Whyte is 
gratefully acknowledged. 

11 Francis, T., Jr., and Magill, T. P., Brit. J. 
Bxp. Path., 193S, 10, 284. 

lU Francis, T., Jr., The Ilarecy Lecture.^, 1941-42, 
Series 37, (i9. 

la Andrewes, C. II., Proc. Boy. Soc. Med., 1942, 
3tf, 1. 

n Burnet, F. M., in Viru.s 0.1 Oryanism, Harvard 
I'liiv. Pre.ss, 1945, p. 109. 

!.'• Francis, T., Jr., J. Am. Med. Assn., 1943, 
1*32, 4. 

K. Francis, T., Jr., Am. J. Ilyy., 1945, 42, 1. 

17 Stanley, W. M., J. Exp. Med., 1945, 81, 193. 
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Bilirubin, Bromsulfalein, Bile Acids, Alkaline Phosphatase and Cholesterol 
of Thoracic Duct Lymph in Experimental Regurgitation Jaundice. 

Miguel V. Gonzalez-Oddone. (Introduced by Cecil J. AVatson.) 

From the Department of Medicine, Vniversitp of Minnesota Hospital, Minneapolis, Minn. 


Saunders^ was the first to ligate the hepatic 
duct in dogs in 1795. Since then many others 
have attempted to elucidate the problem of 
regurgitation jaundice. An outstanding con- 
tribution and review on the subject is given 
by Mayo and Greene.- 

The purpose of the present study was to 
determine the content of bilirubin, bile acids, 
alkaline phosphatase, and cholesterol, and of 
bromsulfalein following its administration in- 
travenously, in the plasma and thoracic duct 
lymph of dogs, after ligation of the common 
bile duct. 

Methods and Materials. Five male dogs 
were used ranging from 10 to IS kg. Thirty 
to 40 mg of pentobarbital sodium per kg of 
body weight were used as anesthesia. The 
thoracic duct was cannulated at its entrance 
in the left jugular vein. Three drops of 25% 
sodium citrate solution were added to 10 cc 
of blood or lymph, to prevent coagulation, 


all determinations being made on plasma. 
Biliary obstruction was produced by a double 
ligation and severance of the common bile 
duct with previous ligation of the cystic duct. 
Bilirubin was determined by a modification®’^ 
of Malloy and Evelyn’s method.* Brom- 
sulfalein was administered in the right e.x- 
ternal jugular vein in a dose of 2 mg per kg 
of body weight. The concentration of dye 
was then determined in the following manner: 

Three cc of triethyl phosphate (Eastman 
Kodak Company) was added to 1 cc of plas- 
ma or lymph in a centrifuge tube. This was 
shaken thoroughly and centrifuged. Two cc 
of the supernatant fluid were then added to 
8 cc of distilled water in an Evelyn tube. 
A blank reading was made in the Evelyn 
photoelectric colorimeter, using a 580 filter. 
Two drops of 20% KOH rvere then added to 
develop the color, and a reading was again 
taken, after which the concentration was de- 



on the structure, 

1929, sn, 280. 


s Dufci, H., and Watson, C. J., J. Lab. and Clin, 
Mat., 1945, 30, 293. 

r Watson, C. J., Blood, 1946, 1, 99. 

.-.JtaUov, H. T., and Evelyn, K. A., J. Biol. 
Cl, cm., 1937, 110, 480. 
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termined from a curve of the pure dye in 
known concentration. Bile acids were deter- 
mined as cholic acid by Josephson’s method.*’ 
Cholesterol was determined by the Sperry 
Schoenheimer method.* The alkaline phos- 
phatase was determined by the method of 
King and Armstrong.® 

Results. As seen in Fig. 1, bilirubin ap- 
pears promptly in the thoracic duct lymph, 
being detectable in the blood a few hours later. 
Most of the bilirubin was of 1' or prompt 
reacting type’’-^ in both lymph and plasma. 

The data in Fig. 2 relates to injection of 
bromsulfalein at 2 hours and at 36 hours fol- 
lowing the ligation of the common bile duct. 
In the earlj- period of the obstruction, it is 
seen that the dye disappears promptly from 
the blood to be regurgitated at high concentra- 
tion into the thoracic duct lymph. In the 
later period of obstruction, however, the dye 
is retained in the blood for several hours and 
little or none appears in the thoracic duct 
lymph. 

'‘.tiiM'pli.soii, n., Ilwchi-m. .T., 103.1. tU), 

* •^flioenlieiiner, It., ami Sperry, "W, H., .7. Jiiol. 
Cheui., 100, 74.1. 

® Itiii;;, K. .1., anil .Vrnn-trun^, .\. K., Ciintid. .Hid. 
•l"n. .r., Ui.-.t, ;{l. 37i;. 


Fig. 3 represents a typical e.xperiment as re- 
gards bile acids in the thoracic duct lymph 
and blood, following ligation of the common 
bile duct. 

These results are in accord with previous 
studies in which the Pettenkofer test was used, 
as discussed by Mayo and Greene.- 

Typical data for the cholesterol in lymph 
and blood, in these e.xperiments, is .shown in 
Fig. 4. It is seen that the concentration of the 
total plasma cholesterol remained about the 
same during the 24 hours of observation. From 
this, it appears that if regurgitation of choles- 
terol from bile to lymph and thence to blood, 
does occur, it is considerably slower than that 
of the bile acids and the prompt reacting 
bilirubin. 

Fig. 5 shows the rise in alkaline phosphatase 
in the blood and lymph. It is of considerable 
interest that distinct increases in phosphatase 
activity in thoracic duct lymph were obseiwed. 

Summary. The present results support the 
belief that, following common duct ligation, 
bile ••regurgitates” into the lymph, and thence, 
via the thoracic duct into the blood. The 
appearance of bile acids and bilirubin in th? 
thoracic duct lymph, as previously reported, 
is confirmed. The present study also reveals 
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that the bilirubin of the li'mph, under these 
circumstances, is mainly of the prompt react- 
ing type, a finding in accord with the concept 
of a regurgitation of bile into the lymph. 

During the early phase of biliary obstruc- 
tion, the injected bromsulfalein quickly ap- 
peared in the lymph. After 36 hours, how- 
ever, it was not removed from the blood and 
did not appear in the lymph in appreciable 


amount. 

The cholesterol, on the contrary, did not in- 
crease significantly in the lymph within 24 
hours, while the alkaline phosphatase behaved 
in an intermediary manner. 

The writer wishes to acknowledge his indebted- 
ness to Dr. C. J. tVatsou for helpful criticism and 
advice with relation to these studies. 
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Effect of Anoxic Anoxia on Gastric Emptying Time of Rats Fed Corn Oil. 

P. L. MacLachlan. 

h'rom the 'Department of Biochemistry, School of Medicine, West Viryiitia University, 

Morgantown. 


Ano.dc ano.xia has been shown to cause a 
delay in the emptying time of the stomach in 
the dog and in man. Moreover, in man, as 
in the case of the dog, the more severe the 
degree of ano.xia, the greater is the delay in 
gastric emptying.^ 

Studies on the effect of this type of anoxia 
on the absorption of fat from the alimentary 
tract in rats have shown that the amount of 
fat absorbed by anipials subjected to partial 
pressures of o.xygen of 63 mm and 53 mm Hg 
was significantly less than for control ani- 
mals; the difference was greater for the great- 
er degree of ano.xia.- That these findings can- 
not be e.xplained on the basis of a prolonged 

1 V.in Liere, E. J., Physiol. Bev., 1941, 21, 307. 

- It.'icLachlan, P. L., and Thacker, C. W., Am. J. 
Physiol, 1945, 143, 391. 


emptying time of the stomach, however, is 
shown by the following e.xperimental results. 

Using the technic previously^ described," 
adult albino rats of both sexes, weighing be- 
tween 200-300 g were given 1.5 cc corn oil 
(1.385 ±: O.OI g) and subjected to a partial 
pressure of o.xygen of 53 mm Hg (7.03% 
o.xygen) for 2-, 3- and 4-hour periods. Si- 
multaneously-fed control animals were kept at 
atmospheric pressure. The amount of fat re- 
maining in the stomach was quantitatively de- 
termined and calculated as per cent of the 
amount fed. Preliminary e.xperiments on rats 
killed immediately after feeding showed that 
the mean percentage recovery of the amount 
of fat administered was 96.5 (range 92.3 to 
99). 

The data. Table I, show that the amount of 


TABLE I. 

Effect of Anoxic Anoxia on Gastric Emptying Time of Eats Fed Corn Oil. 
Oxygen tension — 53 mni Hg (7.039o oxygen). 


Absorption time 

2 hr 

3 hr 

4 Iir 



Fat in 

No. of stomach* 
rats % 

Fat in 

No. of stomach 
rats % 

Fat in 

No. of stomach 
rats Uo 


Controls 

Anoiie 

St. Dev. 

P. (Fisher’s) 

12 G8.4 

11 37.4 

17.0 

<0.01 

11 49.5 

12 30.0 

10.5 

0.01 

12 41.3 

12 35.7 

13.4 

>0.3 



* Expressed as per cent of tlie amount of f.at fed. 
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{at remaining in the stomachs ot the anoxic 
rats 2 hours and 3 hours after feeding was 
significantly less than for the corresponding 
controls. On the other hand, no statistically 
significant difference was found at the end of 
4 hours. (The individual variation which 
was greater for the rats subjected to anoxia, 
than for the controls, accounts for the ap- 
parently larger amount of fat in the stomach 
after 4 hours absorption time than after 3 
hours). Although a delay in gastric empty- 
ing may have occurred later than 4 hours, 
these findings indicate an initial acceleration 
of the emptying of the stomach of rats ex- 
posed to diminished oxygen tension. For the 
purpose of these e.xperiments, the results ob- 
tained show that the decreased rate of absorp- 
tion of fat in rats subjected to anoxic anoxia, 
as previously reported, cannot be explained 
on the basis of a prolonged gastric emptying 
time. 


Schnedorf and Orr“ reported that increasing ■ 
degrees of ano.xemia produced by inhalation 
of 15, 10 and 5% o.xygen in nitrogen resulted/ 
in a marked and progressive decrease below' 
normal in the flow of bile in nembutalized 
dogs. The decreased rate of fat absorption 
observed in rats subjected to partial pressures 
of o.xygen of 63 mm and S3 mm Hg (S.3S 
and 7.03% o.xygen, respectively) might rea- 
sonably result from a diminished flow of bile. 
Work on this phase of the problem is in prog- 
ress. 

Summary. Adult albino rats fed corn oil 
showed an initial acceleration of the empty- 
ing of the stomach on exposure to diminished 
o.xygen tension. A decreased rate of absorp- 
tion of fat in rats subjected to anoxic anoxia 
cannot be e.xplained on the basis of a pro- 
longed gastric emptying time. 

a SoliiK’ilorf, .T. G., nml Orr, T. G., Am, J. Sig, 
nix., 1S41, 8, 33C. 
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Latent Period Between Electrical and Pressure Pulse Waves Correspond- 
ing to 'Right Auricular Systole.* 


.•\ndre Cournand, Hurley L. Motley,! .Aaron Hi.mmelstein. David Dresdale and 
Dickinson W. Richards, Jr. (Introduced by W. W. Palmer.) 

Fron the Department of itfiiicine, Co/iiMi&io Unieer.silij, am] the Che.tt iiiuf Mcilienl Scrviecs 
of the CoHmhia Viuver,xil!i Division, Deilcvne Uoxpital, Xeie Tori: Citii. 


The exact time relationship between the 
onset of electrical activity and the appearance 
of a pressure wave corresponding to auricular 
systole has been, heretofore, unknown in man. 
The development of the technic of cathe- 
terization of the right heart'-* and the use of 

* tJmler~gwnts from the Commonwealth Funil 
and t!ie Life Insuranec Jfedieiil Eese.areli Fund 
Gift for Study of Aetiou of Certain Cardiovaseular 


Drugs. 

t Captain Medieat Corp.s Reserve, F. S, Army, on 
detaoiied service from Aero-Jtedical Lalmr.-itory. 
Wriglit l^ield, Dayton, Oliio. 

1 Cournand, A., .and Banges, H. A., Proc. Sor. 

E.XP. Biol, axo ■*!*> „ . 

i Cournand, A.. Dauson, II. D. Bloomheld, R. A., 


a multiple blood pressure recorder with a 
synchronous electrocardiogram has made pos- 
sible the study of this time relationship. 

Preliminary tests for measuring the differ- 
ence of transmission time of electrical im- 
pulses as recorded with the ECG and simul- 
taneous mechanical impulses from the tip of a 
catheter connected with a Hamilton manome- 

Biwd, E. .S,, and Baldwin, E, doF.. Pltoc. Soc. 
Exi>. Biol, .vxo JIed., 1041, 53, 34. 

■I Cournand, A., Riley, R. L., Breed, E. S., Bald- 
win. H. deP., and Richards, D. W.. Jr., ,7. Clin- 
J)n'v.st., 194.5. 24, 10(1. 

* Cournami, .4., Bloomfield, R. .\., and Lauson, 
U. P., PRor. Hoc. Exe. Biol, ano IIed., 1943, 
CO, 73. 



Aukicular Laten't Period ix IMan 


149 






'0.4 SEC.' 



Kig. I. 

A. Mi-v!i:iiiic;il ronduttion. 

B. Eifi-trii-.'il lotiduftioi). 

TransmUsidii linn- differtiu-f 01 simuBant-ousIy- 
induefd idertrifa) aad niwhanital imjiulstH. (Sc-e 
text for di- 5 vrii>tion;. 


ter were made in the following manner; one 
electrode of the ECG was attached to a small 
rubber balloon, fastened on the distal end 
of a No. 8 cardiac catheter, with the pro.’cimal 
end connected by lead tubing to a Hamilton 
manometer. The entire mechanical system 
was filled with sodium citrate with ail air 
bubbles removed. Tapping the attached elec- 
trode with another electrode (circuit of lead 
1 1 used;, initiated simultaneously an electrical 
and mechanical impulse that was transmitted 
to the string of the ECG and the manometer 
membrane; the resulting deflections were 
photographed using a camera speed of 50 mm 
per second. .As illustrated on Fig. 1, the 
time interval between the beginning of the 
electrical and the mechanical deflection is ap- 
pro.ximatc-ly O.OI second. 

The data obtained on 10 human subjects 
art' tabulated in Table I, and representative 
tracings .shown on Fig, 2, In 3 individuals 
with essentially normal cardiac function the 
latent period of the right auricle measured 
from the time of the beginning 0 / the P wave 
to the beginning of the auricular systolic pulse 
wave averaged 0.11 second after the 0.01 
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TIME RELATIONSHIP OF AURICULAR SYSTOLE TO 
P WAVE OF ELECTROCARDIOGRAM IN MAN 



TETRALOGY OF FALLOT- MALE AGE 8. 



. POST PNEUMONECTOMY- MALE AGE 18. 


Pig. 2. 

A. = auricular systole. 

A'. = auricular systole on riglit ventricle tr.'icing. 

S.A. = right auricle. R.V. = right ventricle. 

B. C.G. = electrocardiogram — ^lead II. 

All pressures in mm mercury. 

Time interval between electrical and pressure pulse wave corresponding to the 
auricular systole in normal man and in 2 cases with cardiac abnormalities. 


second correction was subtracted for the dif- 
ference between the electrical and mechanical 


conduction. In 3 cases it was necessary to 
take the measurements from the peak of both 
electrical and pressure waves as the exact 
beginning of the auricular systole was not 
SSly defined on the tracing. In all cases 
where both determinations could be made 
the time lag was the same as seen in Table I 
The average time from the beginning of the 
P Jie to the peak of the auricular systolic 


pulse wave was 0.16 second, ranging from 
0.14 sec. to 0.18 sec. The P-R interval 
averaged 0.164 sec, (range O.IS sec. to 0.19 
sec.) 

The results in 2 cases of cardiac abnor- 
mality are shown in Table I and the tracings 
illustrated in Fig. 2. In the case of an 8- 
year-old child with Tetralogy of Fallot, the 
time lag between the electrical and pulse wave 
was 0.055 sec. The heart rate was rapid, 
1 13 per minute. The time from the beginning 
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of the P wave to the peak of the auricular 
systole was shorter than the normal limits 
calculated above. In one case of a 59-year- 
old male diagnosed as scleroderma with in- 
volvement of the lungs, marked pulmonary 
hypertension and evidence of partial heart 
block, the latent period was 0.17 sec. The 
time from the beginning of the P wave to 
the peak of the auricular systole was 0.20 
sec. in this case. This may represent some 
delay in the spread of the sinus impulse 
through the right auricle. 


Summary. 1. In S adult subjects with es- 
sentially normal hearts the latent period be- 
tween the beginning of the electrical P wave 
and pressure pulse wave corresponding to 
the right auricular systole averaged 0.11 sec. 
2. In one case of a child with a rapid pulse 
and Tetralogy of Fallot the latent period was 
much shorter, 0.055 sec. 3. In one case of 
scleroderma with pulmonary hynpertension and 
partial heart block the latent period was pro- 
longed to 0.17 sec. 
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Influence of Thiourea on Development of the Chick Embryo. 

N. Grossowicz.* (Introduced by I. Olitzki.) 
from the Department of Hygiene and Bactcriotogy, The Hebrew rnirereity, Jcrmalcm. 


While investigating the effect of several sub- 
stances which may influence the growth of 
rickettsiae in the yolk sac of the chick embryo, 
some effects on the embryo itself have been 
observed, and these have been followed up 
for thiourea. 

Thiourea and related substances have been 
shown to affect the thyroid function in adult 
animals, vb., rat,^-- mouse and dog,^ rabbit,® 
and chick.^ Thiourea has also been found 
to inhibit metamorphosis in tadpoles^' and 


* The author is indebted to Dr. M. Aschner for 
his vniuablo suggestions. 

I iLackeiizie, C. G., and Mackenzie, I. B., 
D'ulocrin., 1943, 33, 185. 

SAstwood, E. B., Sullivan, J., Bissel, A., and 
Tyslovitz, B., Endoerin., 1943, 32, 210. 

a Bauman, I., Metzger, N., and Marine, D., 
Endoerin., 1944, S4, 44. 

^ Mixncr, J. P., Eeineke, E. P., and Turner, 
C. IV., Endoerin., 1944, 34, 1G9. 

5 Gordon, A. S., Goldsmith, E. D., and Charipper, 
H. A., Xalure, 1943, lo2, 504. 

® Gordon, A. S., Goldsmith, E. D., and Charipper, 
U. A., Growth, 1945, 9, 19. 

! Uughes, A. M., and Astwood, E. B., Endoerin., 
13d4, 3t, 13S. 

®Bcvelauder, G., Proc. Soc. Exp. Biol, and 
hlED., 1940, 01, 2GS. 

»Cox, 11. E., Science, 1941, 04, 399. 


cleavage of sea urchin eggs.® 

Thiourea is introduced into the yolk sac 
of Leghorn embryos according to the technic 
described by Cox.® .-kseptic precautions are 
strictly adhered to throughout the whole pro- 
cedure. Fertile eggs incubated at 39°C for 
7-17 days are used. The shell covering the 
air sac is washed with 5% phenol and the 
injections are made into the yolk through a 
needle-sized opening in the air sac by means 
of a hypodermic syringe and a 22-gauge 
needle. The hole is then sealed with paraffin 
and the eggs are returned to the incubator, 
.kmounts of thiourea used were 0.3 to 3 mg 
per egg. In order to avoid mechanical dam- 
age to the embryo, the fluid introduced should 
not e.xceed 0.5 ml; a similar volume of dis- 
tilled water serves as control. Eggs were 
daily inspected by candling and dead ones 
were discarded. 

Resuits. While the controls hatched after 

21 days (on very few occasions after 20 or 

22 days), hatching of embryos treated with 
thiourea was retarded up to 10 additional 
days. The retardation seemed to depend on 
2 factors, (a) age of the embryo at the time 
of injection; (b) concentration of thiourea. 
For e.\ample, 1 mg thiourea delayed hatch- 
ing by only 1 day in 17-day egg embryos, 
while the same amount applied to younger 
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embryos (10 days old) caused a delay of 
3 days. Two mg of thiourea retarded hatch- 
ing by 3-7 days, the effect again depending 
on age. Though hatching time can be e.x- 
tended up to the 30th day by still higher 
amounts of thiourea (3 mg), hatchability is 
much impaired being equivalent to only about 
5-10% of the controls. In addition, the de- 
lay in hatching is associated with other signs 
of inhibition. Whereas in normal embryos 
the yolk sac begins to retract on the I9th 
day, and by the 20th day has entirely entered 
the abdomen, the yolk sac is not much reduced 
in size at this stage in eggs treated with 
thiourea; it can still be found on the 30th day 
of incubation in those embryos previously 
treated with a dose of 3 mg thiourea. While 
in the controls the “egg tooth” enters the air- 
chamber on the 20th day, treatment with 
2 mg thiourea at age of 10-14 days delays 


this phenomenon by 2-5 days. The results 
of a typical e.xperiment are given in Fig. 1. 

Experiments were also carried out in order 
to elucidate the mode of action of thiourea. 
Gordon et al.^ were able to show that the in- 
hibiting effect of thiourea on tadpoles can be 
reversed by thyroxine. In our experiments 
it was difficult to prove the reversing effect of 
thyroxine as it was found to be very toxic 
especially for embryos up to 14 days. Thy- 
roxine in nontoxic concentrations had no an- 
tagonizing activity at all. However, in some 
e.xperiments with 17-day-old eggs, 10 /ig of 
thyroxine fully neutralized the action of 2 nig 
thiourea when the 2 drugs were simultaneously 
applied (molecular ratio 1:2,000). The ex- 
periments suggest that in the chick embryo, 
as in other animals, the inhibiting effect of 
thiourea may be due to interference with nor- 
mal thyroxine metabolism. 
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A New Class of Tuberculostatic Substances. 


W. Harrv Feixstoxe.* 

I'roin the T.nhoraturies, Pyriiliiim Citriioraliini, Ymikerx, X.Y. 


The search for substances having tuber- 
culostatic activity has in recent years engaged 
increasing interest in many laboratories. Us- 
ing an in vitro technic in which a rapidly 
growing avirulent strain of “human’’ tuber- 
culosis organism is subjected to various 
concentrations of compounds under test 
makes feasible the “screening” of large num- 
bers of substances in a comparatively short 
time. This method, the details of which are 
essentialh' the same as described earlier.* has 
brought to attention 5'amino-2-buto.\'ypyridine 

/\ 

/ \_MI, 

ChH,,0_ I 

which was investigated in some detail. Sev- 
eral hundred derivatives of this substance 
were synthesized^ one of which, the sodium 
formaldehyde bisulfite deric'ative 


HClP.SO;iXa 


thlh.O- 




relatively among the least to.vic.- is included 
in this report. 

The growth of 607. the rapidly growing 
strain of the tubercle bacillus, was inhibited 
by these compounds in dilutions in excess of 
1 to j million. Other strains, virulent and 
recent isolations, were inhibited in dilutions 

* Tilt' author wislu’s to c.xiin'.ss his or.'itpftil 
.UkHowli'iij'iiK'Ut of tin- tPchniral as.si.stauci' rpii- 
'I' ti’d l,v Miss .Vim, a Kelly ami Miss M.'irv Rotiilauf. 

’ tilzgerahi, !!. .1.. ami hViiistoni'. W. It.. 1 ’ko<‘. 
^oc. Kxi-. Riot.. .sN-i) .Med., .52. 27. 

t '’•-\mim>-J.lmii)xyiiyriilinc ami it.s ilerii'af ive 
"■I'te syutiivsized l>y the eluniieal staff of the 
t.'tidium t'orji. umler llie .suiiervision of firs. E. T. 
U'Kt ami II. I.. Frieilmaii. 

- I’o he reported elsewhere. 


as high as 1 to 100 million. .A. remarkable 
feature associated with this high tuberculo- 
static effect is that while several bacterial 
genera have been investigated only Mycobac- 
terium was susceptible to the action of these 
substances in significant dilution. The data 
presented in Table I are typical of the results 
obtained in many-time repeated e.xperiments. 
The specificity for Mycobacterium is illustrat- 
ed by the lack of inhibition of growth of 
Staphylococcus. Streptococcus, Pneumococ- 
cus, B. mycoides, E. coU, and others, even in 
what may be termed high concentrations. 
This specificity contrasts sharply with the 
lack of specificity shown by sulfones and 
sulfonamides’ which are active against the 
rapidly growing avirulent Mycobacterium tu- 
berculosis 607 (line Xo. 1) as well as E, coli 
in a synthetic medium (line Xo. 10). Com- 
parison is also made with promin and its 
parent substance p.p'-diaminodiphenylsulfone. 

It is important also to note that while the 
more active sulfonamide and sul/ones are ca- 
pable of inhibiting the growth of the avirulent 
strain of tubercle bacillus in comparatively 
high dilution (line X'o. I), these compounds 
are relatively ineffectiv’e against other more 
virulent strains (lines 2, 3 and 4). 

The antagonistic effect of para-aminoben- 
zoic acid'* and methionine’ for sulfonamides 
is well known. .As suspected these substances 
did not inhibit the activity of I or II. as 
shown by lines 1, 14 and 15 in Table I. The 
bacteriostatic activity of our compounds 
against the tubercle bacillus is likewise not 
antagonized by the incorporation of adequate 
quantities of riboflavin, calcium pantothenate, 
adenine, guanine, thiamine, uracil, nicotinic 
acid, biotin, culture filtrates from staphyl- 
ococci. pneumococci and tubercle bacilli, pus 
from streptococcal lymphadenitis, constitu- 
ents from beef culture media, peptone (which 

.1 VVoikIh. I). I)., /trit. JCrji. Piilh., 1040, 21, 74. 

I If.-irris. .T. .inij Koliii, If. I.. ,/. Ptmnn. atul 
Esp. Tluritii.. VJ41. 7;{. 3S3. 
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antagonizes sulfonamide activity^- and whole- 
blood and serum up to 25%. 

The antimycobacterial activity of 5-amino- 
2-butoxypyridine and its derivative is primari- 
ly bacteriostatic rather than bactericidal. (We 
hold the term bactericidal in its strictest 
sense, t.e., complete sterilization of a sizable 
inoculum in a culture medium which, when 
free of inhibitory compounds, supports vigor- 
ous growth). Concentrations of 5-amino-2- 

5 Lockwood, J. S., and Lynch, H. il., J, A. il. A., 
1940, 114, 935. 


buto.xypyridine 1;000 times the minimum tu- 
berculostatic concentration do not consistently 
render the system tree of viable organisms. 

The fact that these compounds are bac- 
teriostatic rather than bactericidal and strik- 
ingly specific for the acid-fast group of or- 
ganism suggest a mechanism of action involv- 
ing the interference with some essential me- 
tabolic process common to species of iMyco- 
bacterium but which is lacking, has readily 
available alternatives or is nonessential in 
other genera of organisms. 
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Bilateral Nephrectomy in Rats: Blood Chemistry, Longevity and the Effect 

of Aluminum Hydroxide. 

J. A. Rosenkrantz.* (Introduced by M. Bruger.) 

From the Medical Sesearch Laboratory, Department of Medicine, yew Yorh l’n,d-Graduate 
Medical School and Hospital, Xcui Tori: City. 


In the hypocalcemic tetany of the uremic 
patient aluminum hydroxide reduces the 
tendency towards convulsions by elevating the 
serum calcium^ presumably by preventing the 
absorption of the phosphate ion.- Subsequent- 
ly, these studies were initiated in order to 
observe the effect of aluminum hydroxide gel 
on the survival time and on the blood levels 
of sulphates, phosphates, calcium, urea and 
cholesterol in rats following bilateral nephrec- 
tomy. 

Method and Material. X total of 108 rats 
were used in this study. Fifty-one rats were 
employed in the longevity study of which 26 
(16 males and 10 females) served as controls 
and 25 (15 males and 10 females) as e.x- 
perimental animals. The males weighed 400 
to 500 g and the female rats 250 to 300 g. 
Both kidneys were removed by a transperi- 

Itosearcli Assistant in iledicini’, Xew York 
I’ost Graduatc Medical School, Columbia Univer- 
i’hy, Xen- York City. 

* I’crsoiial observation, unpublished data. 

- Evans, G. T., and Plink, E. B., Modern Med., 
1945, 03 J i';iuley, G. B., Freeman, S., Ivy, \. C., 
Atkinson, A. J., and Wigodskv, U. S., .Irc7i. Int. 

1941 , « 7 , 503 . 


toneal approach through a midline ventral in- 
cision under ether anaesthesia. Sterile tech- 
nic was utilized throughout. Each of the ani- 
mals in the e.xperimental group was given 5 ml 
of 4% aluminum hydroxide gel by stomach 
tube. .An analgesic dose of ether was admin- 
istered prior to the passage of the stomach 
tube in order to permit intubation without 
the use of a gag. The aluminum hydro.xide 
was given once daily for 2 days prior to 
nephrectomy, then 4 to 6 hours after surgery, 
and thereafter once every 24 hours until the 
animals expired. The survival time of these 
rats was compared with the control group. 

For the study of variations in blood chemis- 
try, 28 non-nephrectomized male rats were 
anaesthetized with ether after which the ab- 
dominal aorta was exposed through a midline 
ventral incision. Blood was then aspirated 
from the aorta by means of a 26-gauge needle 
and a 2-ml hypodermic syringe. Seventeen 
male rats were nephrectomized and 48 to 50 
hours postoperatively blood was withdrawn 
from the abdominal aorta as described above. 
In addition, 1 1 male rats were nephrectomized 
but were given aluminum hydroxide by 
stomach tube. These animals were also sac- 
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rificed 48 to 50 hours postoperativeh'’ in order 
to obtain blood from the abdominal aorta. 
The bloods were analyzed for serum inorganic 
sulphates, serum inorganic phosphates, serum 
calcium, whole blood urea and whole blood 
cholesterol. 

Serum calcium was determined by the Clark- 
Collip'* modification of the Kramer-Tisdall 
method and serum inorganic phosphates by 
the Lowenberg and Mattice^ modification of 
the Benedict-Theis”' method. Blood serum 
was anal^’zed for inorganic sulphates accord- 
ing to the method of Power and Wakefield.® 
Thp procedure of Myers' was used for the 
estimation of whole blood urea nitrogen. The 
whole blood cholesterol was determined by 
the method of Sackett.** Since the amount of 
blood withdrawn from the abdominal aorta 
of any one rat was frequently insufficient for 
complete studies, several samples were mi.Ted 
thoroughly by gentle shaking and an aliquot 
portion of this pooled blood was used. 

Results. Of 26 control rats, 14 or 54% 
e.xpired on the 3rd day following bilateral 
nephrectomy while 12 (46%) died on the 
4th day. The se.x of the animal was not an 
influencing factor. In 25 nephrectomized rats 
receiving aluminum hydro.xide, 12 (48%) e.x- 
pired on the 3rd day, 7 or 28% on the 4th 
day, while 20% lived beyond the control sur- 
vival time (4 for 5 days and 1 for 6 days). 

The average whole blood urea nitrogen of 
28 normal rats was found to be 17.3 mg % 
(range 14-20.5), average serum calcium 9.5 
mg % (range 8.4-10.4), average serum inor- 
ganic phosphates 6.9 mg % (range 4.S-9.2), 
average serum inorganic sulphates 2.97 mg % 
(range 2.70-3.49) and whole blood cholesterol 
55.5 mg % (range 42-70). The 17 neph- 
rectomized rats which did not receive alumi- 


a Cliirk, E. P., .and Coliil), J. B., J. Biol. Cbem., 
1925, 63, 461. 

I Lowenberg, C., and JIattiec, 51. B., J. Lab. 
ami C!i». died., 1930, 15, 598. 

Benedict, S. B., and Tlieis, K. C., J. Biol. C/iem., 


1924, 61, 63. 

n Power, it. H., and Wakefield, E. G., J. Bwl. 
Cham., 1938, 133, 665. 

7 Myers, V. C., Practical Chemical Analums of 
Blood, St’ Louis, C. V. Mosby, 1924, p. 45. 

» Sackett, G. E., J- Biol. Chem., 192a, 64, 203. 


num hydro.xide had an average urea nitrogen 
of 194 -mg % (range. 130-250), calcium 10.4 
mg % (range 9.4-12.0), phosphates 8.1 mg 
% (range 6.5-10.8), sulphates 23.2 mg % 
(range 15-28.8) and cholesterol 70.8 mg fo 
(range 60-96) 48 to SO hours postoperatively. 
Bilateral nephrectomy, therefore, caused a 
marked retention of urea nitrogen and sulphate 
and a somewhat smaller rise in calcium, phos- 
phate and cholesterol. The 11 nephrectomized 
rats receiving aluminum, hydr6.xide showed 
an average urea nitrogen of 182 mg % (range 
150-203), calcium 9.5 mg % (range 8.2-9.8), 
phosphates 7.9 mg % (range 6.1-9.4), sul- 
phates 21.6 mg % (range 14.1-26.3) and 
cholesterol 65.5 mg % (range 60-69) 48 to 
50 hours postoperatively. Apparently, the 
administration of aluminum hydro.xide to 
bilateral nephrectomized rats was accompanied 
by slight decreases in each of the chemical 
constituents studied. 

Discussion, The survival time of bilateral 
nephrectomized rats in this series is consistent 
with that of other investigations.® The in- 
crease of 20% in the longevity rate by the 
administration of aluminum hydro.xide is dif- 
ficult to e.xplain, although it is conceivable 
that aluminum hydroxide may adsorb some 
of the toxic metabolites excreted into the in- 
testinal tract (.Adams)."' It is universally 
appreciated that a moderate or severe acidosis 
develops in retention uremia; “ the retention 
of the acid sulphate ion is probably the most 
important factor in the production of the 
acidosis. .Aluminum hydro.xide does not in- 
fluence the acidosis directly since it is in- 
soluble and nonabsorbable.*® One may postu- 
late that this aluminum compound interrupts, 
temporarily, the vicious cycle which might 
e.xist in nephritic acidosis, namely, the con- 
tinued resecretion of high concentrations of 

’■> P.'igc, E. W., jmd Ogden, E., Proc. Soc. E.xp. 
Biol, SIed., 1042, 40, all ; Duriachor, S. H., 
iind Diimiw, D. C., .hn. J. PhyAol., 1942, 136, 57”. 

10 Adams, W. L.. Arch. Int. Med., 1939, 03, 1030. 

11 llaniott, W. M., and Howland, J., Arch. /«<• 
.Vcd, 1916. 18, 708; Holt, L. E., and Meliitosli, 
U., IloU’it Di.sea.'ics of Infancy and Chiklliood, 10th 

D. A|»pl(*toii-Co«tury, 1934. 

12 Ri*])ort ('ouni'il on Pliannacy and Chemistry, 
J. A. J/. J., 1941, 117, 135(!. 
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acid into the stomach, by adsorbing total and 
free acid.-'”’’* 

The increase in inorganic acids of the blood 
is perhaps more important than the retention 
of nitrogenous products particularh'’ insofar 
as acid-base balance is concerned. Denis” 
has demonstrated an increase of the blood 
sulphate level in patients with chronic nephri- 
tis and Macy'-’ has shown an impaired clear- 
ance of sulphates in this disease. The pres- 
ent study shows that sulphate retention is 
appreciable in the nephrectomized rat. 


wcroiii, B. B., J. Lab. and Clin. Med., 192S, 
14, filO; Collins, E. X., Pritchett, C. P., .'iiid Ross- 
millcr, H. R., J. A. M. A., 1941, IIG, 109; EinscI, 
I. H., .Adams, VT. L., nnd Jlyers, V. C,, Am. J. 
Viije.it. Lin. and Xutrition, 1934, 1, 313; Rossett, 
X. E., :ind Fle.\-iier, J., Ann. Int. Med., 1944, 
21, 119. 

H Denis, \V., and Hobson, S., J, Biol. Chem., 
1923, 55, 183. 

'•'■.Mney, J. W., Arch. hit. .Med., 1934, 54, .389. 


Xo significant changes either in phosphates 
or serum calcium levels were noted in the 
nephrectomized rat. In the presence of pro- 
longed acidosis and proteinuria (calcium ad- 
sorbed to protein) such as is found in chronic 
nephritics one might e.vpect changes in serum 
calcium: in this studj' the element of time 
was too short and the factor of proteinuria 
absent. 

Conclusions. 1. The longevity of the 
bilateral nephrectomized rat was 3 to 4 days. 

2. The oral administration of aluminum hy- 
dro.xide increased the survival time of 20% 
of nephrectomized rats to 5 or 6 days. 

3. Bilateral nephrectomy resulted in a marked 
elevation of urea nitrogen and inorganic sul- 
phate in the blood whereas the retention of 
inorganic phosphate, calcium and cholesterol 
was insignificant. 4. The oral administration 
of aluminum hydro.vide in the bilateral 
nephrectomized rat produced a slight decrease 
in the degree of retention of each of the 
various blood constituents studied. 
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Reproduction in Chickens on Synthetic B-Comple.\ Supplement. 
Tho-aus H. Jukes a.vd E. L. Robert .Stokstad. 

h'ro’ii the LaJfrle Lahoratorir.t DivtJtion^ AiHfrican Ci/nuamul ('oinjianiit Pearl //itvr, AM*. 


Reproduction in rats on a diet containing 
the B-factors in synthetic form was previous- 
ly reported.' However, it was not possible 
to rear chickens on a diet of this type until 
synthetic pteroylglutamic acid became availa- 
ble.- Day-old Xew Hampshire chicks 
"ere placed on the following diet: glucose 
(cerelose) 58.5 g, purified casein (Labco) 20 
n, gelatin 8 g, calcium gluconate 5 g. cy.stine 
0-4 g, choline chloride 0.2 g, ino.sitol 0.1 g. 
ash 2 g, XaCT 0.6 g. KH;;PO, 0.45 g, 

'•luJiM. T. H., I'e.at . Soc. E.ii'. i'loJ.. .Men.. 
1949, 45, 02.3. 

■4.\ngur, It. B., liou-.ln-, .J, ti„ Hm. liiiig*, l'< I-. 
3fovv;it. .1. H., .^‘(.-mb, K. I.. R-, .’-ubb.4 

hoH-, Y., \V;,!!,.r, C. V.'., Co-uUrh, It. I'.., FuUnu 
II. . 1 ,^ iluiUiUt-.l, it. K,, Huh, K,, Suitliij, 
b. ti., B. I;,, .^irk'-h ,f. t'., Uhd r'inith, 

’1. M.. .Ir,, Si'ie/irc, I9i9, lO.'t, ChT. 


K-HPO, 0.6 g, .Mg.SO, 0.25 g, .MnSO,.4H:;0 
0.05 g. ferric citrate 0.05 g, CuSOi,5H:;0 2 mg, 
.Al;: (.SO, 1 . 1,1 SH-O 1.6 mg, zinc acetate 1,4 mg, 
K1 0.6 mg, cobalt chloride 0.4 mg, nickel 
chloride 0.2 mg, calcium pantothenate 5 mg, 
niacinamide 5 mg, riboflavin 1 mg, pyrido.x- 
ine HC’l 1 mg, thiamine HCi 1 mg, />-amino- 
benzoicacid 1 mg, pteroylglutamic acid 0.5 mg, 
l-acelo.vy-2-metbyl-4-naphthyl sodium phos- 
phate 0.5 mg, (dl 1 biotin .04 mg, to which ’>vere 
added vitamin ,A 1500 L'..S.P. units, vitamin D 
2C0 .\.0..\.C. units, mi.Ned tocopherols 34 mg, 
dL-.-olved in corn oil (Alazolai to a total of 
3 g. 'The birds were kept in metal cages with 
wire fhior-). In this diet, the fat-soIuble 
lactor.i were fed in a crude form but the water- 
‘oluble vitarnin.s, e.xcept inositol, were all 
synthetic and were fed at levels which ajj- 
pe.ired to be more than .efficient in each 
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case, as judged by previous experiments and 
by results reported by other laboratories. Para- 
aminobenzoic acid is not known to be needed 
by chicks, but was fed as a precautionary 
measure. The calculated essential amino-add 
content^ of the diet satisfied the requirements 
of the chick for growth as described by Alm- 
quist and coworkers."* The chicks had an 
average weight of 1206 g at 10 weeks, and 
the group consisted of 2 males and 5 females. 
The chicks appeared normal in size, conforma- 
tion and plumage. One of the males was ob- 
served to attempt copulation at 110 days of 
age. After the 155th day, 3 females and one 
male were kept in one group, and 2 females 
and one male in the other group. The males 
were rotated every 3rd day. Three of the 
females matured between the 15 1st and the 
161st days of age, and the eggs were col- 

3 Block, R. J., and Boiling, D., The Amino Acid 
Composition of Proteins and Foods, Springfield, 
lUiuois, C. C. Thomas, 1945. 

■lAlmquist, H. J., Fed. Proc., 1942, 1, 269; 
Almquist, H. J., and Grau, C. B,, P. Nutrition, 
1944, 28, 325; Gran, G. R., and Almqviist, H. J., 
Pouiinj Sci., 1944, 23, 486. 


lected and incubated. On the 1 72nd day, 
an additional 1% of CaCOs was added to 
the diet to promote egg-shell formation. .At 
181 days of age the females averaged 2.26 kg 
in weight and the males 3.07 kg. The fol- 
lowing record was obtained with the eggs: 

Hen Ho. 12 3 

No. of days 14 IG 5 

No. of eggs laid 8 9 4 

No. of eggs incubated 6 4 3 

Infertile 110 

Bead embryo, estimated 1 to " days 

development 112 

Dead embryo, estimated 17 to 21 

days development 2 11 

Live cbicks hatched 2 10 

The chicks appeared normal although they 
were small. They were placed on the same 
diet as their parents, without additional 
CaCOs. They weighed an average of 28 g 
at hatching, and their average gain during 
the first month was 189 g. 

Summary. Reproduction was obtained in 
chickens which were raised from hatching 
on a purified diet. The hatcbability of the 
eggs was poor, but some apparently normal 
chicks were obtained. 
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There has been increasing evidence in re- 
cent years which indicates that some of the 
symptoms of anaphylactic shock and other 
hypersensitivities are due to the liberation of 
histamine during an antigen antibody reac- 
tion.^*® For this reason much investigation 
has been directed toward the discovery of a 
substance that can counteract the effects of 


iBaJe, H. H., and Laidlow, P. P., L Physiol., 

^^firtgrtedt. 0. A., Physiol. Bev., 1941, 21, 563. 
3 Code, 0. B., Ann. Allergy, 1944, 2, 457, 


histamine in vivo.*^ There has been addi- 
tional evidence recently that substances hav- 
ing antihistamine properties can do much to 

■* Bovet, B., and Staub, A. it., C. P. Soc. de Siol., 
1937, 124, 547, 

3 Staub, .A. 11., and D., ibid., 1937, 

125, 818. 

« Staub, A. M., Ann. Inst. Pasteur, 1939, 63, 
400 and 485. 

~ Loew, E. B., Kaiser, M. E., and Moore, V., 
J. Pbarm. Sxp. Tlierap., 1945, 83, 120. 

8 Mayer, B. L., Huttrer, C, P., and Sehotz, 0, B.. 
Science, 1945, 103, 93. 
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TABLE r. 


Acute Toxicity of Hetramine for ilice. 


Dose 

Route of 
administration 

Ho. 

of mice 

Ho. 

dead 

% 

dead 

25.0 

S.Q. 

10 

0 

0 

31.25 

S.Q. 

18 

0 

0 

50.0 

S.Q. 

10 

1 

10.0 

62.5 

S.Q. 

18 

4 

00 0 

75.0 

S.Q. 

10 

C 

60.0 

lOO.U 

S.Q. 

10 

10 

100.0 

125.0 

S.Q. 

IS 

IS 

100.0 

200 

P.O. 

2o 

0 

0 

250 

P.O. 

23 

0 

0 

300 

P.O. 

20 

4 

20.0 

too 

P.O. 

20 

14 

70.1 

500 

P.O. 

13 

10 

77.0 

600 

P.O. 

28 

22 

78.6 


S.Q. =: subcutaneously. 
P.O. = orally. 


Hetramine was studied for its antihista- 
mine and antianaphylactic properties in e.x- 
perimental animals. It was found to have 
an unusually high degree of activity in pre- 
venting histamine-induced contractions of iso- 
lated intestinal strips. Similarly, it was found 
to be highly effective in blocking histamine- 
induced shock in the guinea pig and in pre- 
venting fatal anaphylactic shock in hyper- 
sensitive animals. 

The acute to.xicity of hetramine for mice 
was determined following subcutaneous and 
oral administration of the compound to re- 
spective groups of animals. The LD30 fol- 
lowing subcutaneous administration is between 


TABLE 11. 

Influence of Hetramine Epon Toxic Doses of Histumine. 


Hetramine 


Xo. 

guinea pigs 

pretreatment 

30 min, mgAg 

Histamine 

mg/kg, intracardially 

No. dead 

c'f sun-ival 

6 

l.O—LP. 

0.85 

5 

16.7 

3 

3.0— I.P. 

0.85 

3 

0 

6 

4.0— I.P. 

0.85 

0 

66.7 

6 

5.0— I.P. 

0.85 

1 

S3.3 

7 

6.0— I.P. 

0.85 

1 

85.7 

4 

10.0— P.O. 

0.85 

3 

25.0 

• 5 

20.0— P.O. 

0.85 

3 

40,0 

5 

30.0— P.O. 

0.85 

3 

40.0 

5 

40.0— P.O. 

0.85 

1 

SO.O 

5 

50.0— P.O. 

0.85 

0 

100.0 

8 

Controls 

0.85 

s 

0 


I.P. — intraperitoucally 
P.O. — per or.ully. 


alleviate some of the symptoms associated 
with various types of allergies and other in- 
stances of hypersensitivity. 

Hetramine which is N,N-diraethyl-N‘ben- 
zyi-N'(a-pyrimidyl) ethylene-diamine.* 

nc- — X 

ifo d-NCILCHoN^ 

HC=N^ Lh^ \:H3 



's a pyrimidine isostere of a pyridine com- 
pound which was found to have antihistamine 
activity,® 

•Synthesized by H. L. Friedman .and A. T. 
Toistoouhov of the chemical laboratories of tho 
Pyridium Corporation. 


62.5 and 75 mg/kg of mouse weight. Follow- 
ing oral administration, the LD.-.o was deter- 
mined to be appro.ximately 300 to 400 mg/kg- 
The data showing these results may be seen 
in Table I. 

.-\ preliminarj' e.xperiment on the chronic 
to.xicity of hetramine was carried out by test- 
ing the effect of continuous small daily doses 
in growing rats over a 35-day period. One 
group of 12 rat weanlings were put on a stock 
laboratory diet in which was incorporated a 
quantity of hetramine so that the rats con- 
sumed 50 mg /kg of rat weight per day. The 
concentration of hetramine in the food was 
adjusted daily to compensate for the growth 
of the rats and greater food consumption as 
the days passed, thus keepiiig the daily dosage 
to almost e.xactly 50 mg/kg per day. A 
second group of 12 weanlings were given a 
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TABLE riT. 

Efficacy of Hetramine in Preventing Fatal Ex- 
perimental AatSiina in Guinea Pigs Exposed to 
Atomized Histamine. 


Hetramine 
nig/kg, LP. 

guinea pigs 

Xo. dead 

% surviv 

0 eontrols 

23 

22 

4.3 

0.1 ll 

3 


0 

0..112 

.a 

.r 

33.3 

0.625 

7 


57.1 

1.23 

4 

1 

75.0 

1.55 

0 

0 

66.7 

2.0 

6 

0 

100.0 

2.0 

4 

0 

100.0 


T.P.— intraperitoneally. 


stock diet and the drug was administered 
subcutaneously, twice daily, 10 mg/kg at 
each dose. The doses were adjusted daily 
to the weight of each rat. Injections were 
given at 9:00 a.m. and 4:30 p.m. A third 
group of 12 weanling rats, serving as controls, 
were maintained on the stock diet and given 
no drug. 

The animals were weighed every 2nd or 3rd 
day and hemoglobin determinations were car- 
ried out at intervals during the 35 days of the 
test. These doses of hetramine were tolerated 
without any effect upon the growth of the 
young rats and without any effect on the 
hemoglobin, the initial average weight being 
25 g in all groups and the final weight aver- 
aged 127 g in the control and 125 and 123 g 
in the treated groups. 

The antihistamine effect of hetramine on 
smooth muscle strips was demonstrated in an 
isolated muscle bath apparatus using strips 


of guinea pig ileum. Kymograph tracings of 
the muscular contraction were made on the 
addition of hetramine in amounts to bring its 
concentration in the bath to 1 y per cc. Hista- 
mine solution was superimposed on the hetra- 
mine to bring its concentration to 1 y per cc. 
The resulting contraction if any, was recorded 
on the kymograph and the muscle was then 
washed with fresh Ringer’s solution and re- 
tested with 1 y per cc of histamine. The 
absence of a contraction following the addi- 
tion of histamine in the presence of hetramine 
indicated the antihistamine effect of the latter 
compound. The proof of histamine activity 
in the concentration used was shown by the 
immediate contraction of the muscle on the 
addition of histamine after having washed out 
the hetramine. 

As little as 1/16 of 1 y of hetramine coun- 
teracted the muscular contractions produced 
by 1 y of histamine and partial inhibition was 
obtained in a ratio of one part of hetramine 
to 32 parts of histamine. 

The i>i vivo antihistamine effect of hetramine 
was examined by pretreating guinea pigs with 
various doses of the compound to be followed 
in 30 minutes with fo.xic fnfracardial doses 
of histamine. 0.85 mgAg of histamine in- 
tracardially was found to be uniformly fatal 
to guinea pigs. In Table II it is shown that 
pretreatment with 4.0, 5.0 or 6.0 mgAg of 
hetramine is effective in preventing acute to.xic 
death of the majority of animals tested. It 
is also demonstrated in Table II that oral 
dosage is similarly effective in this respect, 


TABLE rv. 

Aiitiaiispliylaetic Effect of Hetraiiiine in Guinea Pigs .Sensitized to Horse Sermn. 

Eesults 

Intensity of reaetion 
foiiowiiig slioekiiig dose 

Pretre.itiiient (20 niiii) Xo. pigs 

lu'frainine ^ ' 

lug/kg I.P. -p-f-h-f -p-f-f -P+ -P 

"o 
0 
1 


J.C.— intracardially. 
j_p. — intraperitoneally. 
ra. 4 . 4 — fatal shock. 

11+— severe shock with recovery. 
II— moderate reaction with recovery 

_j slight reaction with recovery. 

0— no sjauptoms 


11 

0 

s 

8 


0 eontrols 
3..5 

3.0 

6.0 


11 

0 

4 

1 


Xo. guinea pigs shocked 
with 1.0 ee 
horse serum I.C. 
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but must be increased about 10-fold. 

Exposure to atomized histamine induces a 
severe and frequently fatal bronchoconstric- 
tion in the guinea pig. It was found that 
hetramine can prevent the fatal bronchocon- 
striction so produced by protecting the ani- 
mals with varying doses prior to e.xposure 
to a histamine atmosphere. The chamber 
into which atomized histamine is introduced 
was constructed in accordance with the meth- 
ods described by Loew, et al? It was found 
that vapor from 5 cc of a 0.125% solution of 
histamine was almost uniformly fatal to un- 
protected animals. This mortality could be 
significantly and increasingly reduced with 
doses of 0.3 mgAg to 2.5 mgAg of hetramine 
administered intraperitoneally. The data on 
this experiment are shown in Table III. 

The antianaphylactic effect of hetramine 
was determined by sensitizing guinea pigs 
through intraperitoneal injection of 0.25 cc 
normal horse serum 14 days prior to shocking 
doses of 1.0 cc horse serum administered in- 


tracardially. Control animals uniformly suc- 
cumbed to the shocking dose with typical 
symptoms of fatal anaphylactic shock. Pre- 
treatment with intraperitoneal doses of hetra- 
mine up to 3.5 mg/ kg were ineffective under 
our conditions. When doses of 5 mg/kg were 
administered 20 minutes before the shocking 
dose of horse serum, 50% of the guinea pigs 
survived and 6.0 mg/kg reduced the severity 
of the reaction still further, 7 out of 8 ani- 
mals surviving the shocking dose. The data 
are shown in Table IV. 

The antihistamine effect of hetramine as 
demonstrated by the above laboratory experi- 
ments would indicate that this drug maj- have 
a beneficial effect on some of the varied 
symptoms associated with hypersensitivity and 
physical allergies. Clinical trials are in prog- 
ress to determine the effect of this compound 
in a variety of conditions such as, vasomotor 
rhinitis, hay fever, urticaria, bronchial 
asthma, cold allergy and other physical al- 
lergies, serum reactions and contact dermatitis. 
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On Breeding “Wild" House Mice in the Laboratory. 

H. A. Schneider.* 

/■'row ihc L(ihoi(itonc.i of the HocI.ifcUcr Inxlituh- for Mrttiail Ht.-^eoirh. Xnc Yuri; CiUj. 


The white laboratory mouse may well be 
regarded as a classical e.xample of the domes- 
tication of an animal at the hand of man. 
The consequences of that domestication have 
provided laboratory experimenters with a 
small docile animal the usefulness of which 
has been demonstrated so often as to be an 
established tradition. However, another con- 
sequence of that domestication has been the 
emergence of many genotypes distinguishable 
one from another by a variety of characters. 
This multiplicity of genotypes is a forceful 
reminder of the variation inherent in the spe- 
cies, and when, for example, a given diet pro- 
duces a certain result in a certain laboratory 

* Willi tile tivlinical ;is.si.‘itam-i' of Mr. S. A. 
t'rci'iilialj'h. 


strain of mice, we next may be e.xpected to 
inquire whether (a) other genotypes will re- 
act similarly, or (b) all genotj'pes will do so, 
or (c) whether the wiki species will do so. 
In many ways an investigation of the wild 
type would seem to have the greatest interest 
and meaning. This necessitates a laboratory 
supply of the wild genotype obtained either 
by trapping the numbers required, or by 
breeding them in the laboratory. For many 
purpo.ses the latter method is the more prefera- 
ble. 

Recent investigations in the nutritional as- 
pects of e.xperimental epidemiology' have 
raised this question of host genotypes among 

1 Sflnu'uU'r. 11. A., :huI Wolott-r, I.. T., Kxp, 

hi. 
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TABLE III. 

Efficacy of Hetramine in Preventing Fatal E.v- 
periincntal Astimia in Guinea Pigs E.xposed to 
Atomized Histamine. 


Hetramine 

No, 


mg/kg, I.P. 

guinea pigs No. dead % survived 

0 controls 

23 22 

4.3 

(1.1 "I'i 

3 3 

0 

o..aio 

3 2 

33 3 

0.625 

7 3 

57.1 

1.25 

4 1 

75.0 

1,55 

0 2 

66.7 

2.0 

6 0 

100.0 

2.5 

4 0 

100.0 

I.P. — intraperitoiically. 


stock diet and 

the drug tvas 

administered 

subcutaneously. 

twice daily, 10 mg/kg at 


each dose. The doses were adjusted daily 
to the weight of each rat. Injections were 
given at 9:00 a.m. and 4:30 p.m. A third 
group of 12 weanling rats, serving as controls, 
were maintained on the stock diet and given 
no drug. 

The animals were weighed every 2nd or 3rd 
day and hemoglobin determinations were car- 
ried out at intervals during the 35 days of the 
test. These doses of hetramine were tolerated 
without any effect upon the growth of the 
young rats and without any effect on the 
hemoglobin, the initial average weight being 
25 g in all groups and the final weight aver- 
aged 127 g in the control and 125 and 123 g 
in the treated groups. 

The antihistamine effect of hetramine on 
smooth muscle strips was demonstrated in an 
isolated muscle bath apparatus using strips 


of guinea pig ileum. Kymograph tracings of 
the muscular contraction were made on the 
addition of hetramine in amounts to bring its 
concentration in the bath to 1 y per cc. Hista- 
mine solution was superimposed on the hetra- 
mine to bring its concentration to 1 -/ per cc. 
The resulting contraction if any, was recorded 
on the kymograph and the muscle was then 
washed with fresh Ringer’s solution and re- 
tested w'ith 1 y per cc of histamine. The 
absence of a contraction following the addi- 
tion of histamine in the presence of hetramine 
indicated the antihistamine effect of the latter 
compound. The proof of histamine activity 
in the concentration used ivas shown by the 
immediate contraction of the muscle on the 
addition of histamine after having washed out 
the hetramine. 

As little as 1/16 of 1 y of hetramine coun- 
teracted the muscular contractions produced 
by 1 y of histamine and partial inhibition was 
obtained in a ratio of one part of hetramine 
to 32 parts of histamine. 

The hi vivo antihistamine effect of hetramine 
was e-vamined by pretreating guinea pigs with 
various doses of the compound to be followed 
in 30 minutes with toxic intracardial doses 
of histamine. 0.85 mg/kg of histamine in- 
tracardially was found to be uniformly fatal 
to guinea pigs. In Table II it is shown that 
pretreatment with 4,0, 5.0 or 6.0 mg/kg of 
hetramine is effective in preventing acute to.vic 
death of the majority of animals tested. It 
is also demonstrated in Table II that oral 
dosage is similarly effective in this respect. 


TABLE IV. 

Aiitiairip)iyl.ietit' Effevt of Helramine in Guine.'i Pigs Spn-sitizvcl to Horse Serum. 


Xq. guinea pigs slioeked 
witli 1.0 ec 
liovsc serum I.C. 


11 

() 

8 

8 


Pretre.'itmeiit (20miu) 
hetr.nnim’ 
mg/kg I.P. 

0 controls 
3.5 

5.0 

6.0 


I.C. — intracardially. 
I_P.__iutraperitouealIy. 

4 .J.+A fatal shock. 

i 4 - -f— severe shock with recovery. 
4 - 4 — -moderate reaction with recovery 

^ slight reaction witii recovery. 

0 — no symptoms 


Kesalts 

Intensity of reaction 
following slioeking dose 
No. pigs 


4-'i--l-4- -h-4-4- 

~1I” 0 

6 0 

4 1 

1 1 


-)--p 4- 

0 0 0 

0 0 0 

1 1 1 

3 1 
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7 of them for a period of 30 days. No evi- 
dence of oestrus was observed during this 
period. A variety of fresh green foods and 
a niL-dure of grass seeds fed as dietary sup- 
plements failed to bring the mice into oestrus. 

Breeding Achieved. In iMay, 1944, we re- 
ceived a gift of 4 male and 4 female wild house 
mice from Dr. L. V. Heilbrunn of the Uni- 
versity of Pennsylvania, at Philadelphia. 
(These mice were subsequently incorporated 
into our foundation stock). Dr. Heilbrunn 
informed us that these mice were the progeny 
of some wild house mice bred in his laboratory 
.as pets. Comparison of the conditions under 
which these mice bred and our own failed 
indicated that, apart from dietary and bedding 
differences, the Philadelphia mice, in addition, 
had access to an e,\ercise wheel. Breeding 
success in our own laboratory for all of our 
captured females was suddenly and finally 
achieved in July, 1944, following the intro- 
duction of e.xercise wheels. From that time 
forward we have been able to breed wild house 
mice at will and have prepared about 1,000 
mice for e.\'perimental purposes. In this con- 
nection it is interesting to note that in their 
studies on the factors affecting the breeding 
of the field mouse (Microtns agrestis), Baker 
and Ranson^ recorded that their cages in- 
cluded a “revolving wire wheel” and that 
"the mice made frequent use of the wire 
wheels.” With such cages these investigators 
have shown clearly that the breeding of 
■Uxrotus proceeds best in an environment 
which supplies a daily period of incandescent 
illumination of 15 hours and that shortening 
the light day to 9 hours almost prevents re- 
production. It is the female that is chiefly 
affected. At the moment our own e.xperi- 
nients, conducted with a light day of 16 hours, 
tio not permit a decision whether for Mus. 
musculus the effect of light is direct, or in- 
liirect through its effect on activity. How- 
e'er, it is a fact that in our experiments a 
16-hour-light day, by itself, did not result in 
successful breeding. Experiments are now in 
progress to test the effect of activity with and 
without light. 

^ The Complete Breeding Technic. The tech- 
nic now followed in our laboratory for the 
breeding of wild house mice is as follows: 
environment. A single room (IS' x 15') 


is devoted to the colony. A temperature of 
75°F is maintained by thermostatic control, 
except for summer temperatures in excess of 
this. Temperature rises up to S5^F are tol- 
erated without any change in the breeding 
performance, but temperatures in excess of 
90 -F result in breeding failure. Some pre- 
liminary e.xperiments indicated that this fail- 
ure was attributable to the males, probably 
due to the recognized effect of excessive heat 
on sperm viability. The animal room is light- 
ed from 5 a.m. to 9 p.m. (16 hours) by 2-200 
watt incandescent lamps controlled by a time- 
clock. All daylight is e.xcluded. 

Caging. The mice are bred, 1 male to 5 
females, in galvanized iron boxes 9" x 12" 
X 9" high with galvanized mesh covers through 
which the water bottle tubes are inserted. 
Centered and 3}4" from the top edge of the 
box the exercise wheel-drums are suspended 
on steel axles extending through the sides of 
the box. These exercise drums are lightly 
constructed of copper mesh for ease of turn- 
ing and are 5" in diameter and width. Four 
spokes permit the mice to enter the drum easi- 
ly even while it is in motion, which is often. 
Revolution counters attached to these e.ver- 
cise drums indicated that in a 24-hour period 
a single pair of mice, male and female, will 
complete 40 to 60 thousand revolutions. At 
this rate, by free choice the mice have run 
approximately 10 to 15 miles per day. When 
a female is observed to be pregnant she is 
transferred to an individual galvanized box, 
7" X 10" X 5", to await her litter. The young 
are weaned at 4 weeks of age. 

Bedding, .■\utoclaved pine shavings are 
used for bedding. The shavings must be of 
a size large enough so that a loose mass is 
formed on the floor of the cage into which 
the mice can penetrate and hide. This is 
important from the standpoint of mating be- 
havior, for if smaller sized shavings were used 
which readily pack down and form a firm 
mass so that the mice were unable to hide 
in it easily, then, upon mating 5 females with 
1 male it was observed that the females not 
in heat at a given time would attack the 
male and often kill him upon his attempting 
to mate with a female which was ready to 
accept him. Xo litters were ever obtained 
under such conditions even if the male sur- 
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laboratory mice feeding on- different diets; In 
order to extend the experiments to include the 
wild genotype of Mus musadus domes ticus we 
attempted to establish a laboratory colony 
of wild house mice. The difficulties encoun- 
tered, the fact that others- have commented 
on their inability to breed wild house mice 
in the laboratory, and the absence of pub- 
lished accounts on the breeding of wild house 
mice have prompted us to report here the 
measures found necessary to establish a breed- 
ing colony with mice trapped “in the wild.” 

Foundation Stock. The wild house mice! 
which formed the base of our laboratory stock 
were trapped in spring-door traps in the fall 
of 1943. Every effort was made to insure 
that the mice trapped were not hybridized 
with domestic stocks which may have escaped 
from laboratories or dealers. An attempt was 
made, too, to secure representatives from dif- 
ferent localities in and near New York City. 
Thus mice were trapped in a rural community 
(East Northport, Long Island), in New York 
City apartments, in suburban Woodside, Val- 
ley Stream, and in Long Island City, Long 
Island. All of these mice, and all subsequent 
additions to a total of 35, (17 males, 18 fe- 
males) were subjected to a period of quaran- 
tine of 2 weeks before being admitted to the 
colony. During the quarantine period each 
mouse was subjected to 4 successive stool cul- 
tures testing for the presence of Salmonella 
enteritidis and Salmonella lyphmurium. All 
of the 35 mice e.xamined proved to be free 
of these pathogenic species and in the 2)A 
years elapsed since the inception of the wild 
mouse colony no mouse typhoid disease has 
made its appearance. Indeed, the mice have 
remained healthy throughout with no signs of 
overt disease among them. Of the 35 mice 

2 Andei-vout, H. B., and Bryan, W. B., J. Nat. 
Cancer Inst., 1944, 5, 143. 

t The house mice of tlie northern United States 
are not truly “ivild” types, but commensals (Mus 
musculus clomesticus). Under favorable condi- 
tions these MU adopt feral habits. The true wild 
type, from which M. m. domesticus was derived, 
is M. ni. wagiieri, the Mid mouse of Kussian 
Turkestan (Schwarz and SchwarzS). 

3 Schwarz, E., and Sehwarz, H. K., J. Mam- 
malogy, 1943, 34, 59. 


of -the- original- foundation stock 6 (3 males 
and 3 females) are still alive more than. 2 
years later. As far as can be judged deaths 
have occurred mainly through fighting, and, 
less often, due to what can only be described 
as senility. No grossly visible tumors have 
been observed. 

Breeding trials. The initial attempts to 
breed wild house mice were conducted with '• 
8 captured females and 14 captured males. 
With the exception of 1 female, described be- 
low, all attempts met with failure for a period 
of 9 months extending from October 1943 to 
July 1944. There would be little gain now to 
list the details of these failures e.xcept to state 
that a variety of conditions were tried in- 
volving various sizes of caging and varying 
periods of illumination ranging from complete 
darkness to a light-day of 16 hours such as 
Baker and Ranson'* found necessary for the 
breeding of the wild field mouse (Mkrotus 
agrestis). In addition various beddings of 
wood shavings and peat moss were tried, as 
well as several stock diets all of which were 
satisfactory in supporting the prolific breed- 
ing of laboratory mouse stocks in adjacent 
cages in the same room at the same time. 

During this period of breeding failure a 
single female, pregnant on admission to the 
laboratory on 10/11/43, was observed to de- 
liver a litter of 3 mice on the following day. 
These she consumed. Subsequently this single 
female, during the time of breeding failure of 

7 other captured females, gave birth to 3 
litters following mating with captured males. 
The females among these litters, however, 
failed to breed with captured males even when 

8 weeks of age and with perforate vagina. 

Anoestrous of Wild Females. The failure 

of captured house mice to breed was traced 
to the failure of the females to achieve 
oestrus. Captured males were potent at all 
times and crossing with laboratory mouse fe- 
males was easily done. The reciprocal cross 
failed, however, although tried on numerous 
occasions. Further evidence of the oestrous 
failure of the captured wild females was ob- 
tained by daily vaginal smear e.xaraination of 

Baker, J. B., .and Ranson, R. M., Proc. Soy, 
Soc. London, B, 1932, 110, 313; ibid., B, 1932, 
113, 39; ibid., B, 1933, 113, 4S6. 
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ib&fo to 70.2%. The average number of 
mice weaned per female rose in the same 
period from 3.69 to 4.08. 

Handling of Wild Mice. All of the mice 
seen thus far in our colony have been as 
active and agile as the captured foundation 
stock. Special measures are necessary for 
handling them, for it is impossible to open 
a cage without having many escape. The 
simplest practical e.\’pedient is to perform all 


manipulations of the mice in a large box 18 
to 20" deep with smooth sides. The escap- 
ing mice are thus confined to the larger box 
and may be recaught. With a little practice 
ail of the ordinary manipulations of a mouse 
colony may be carried out quite easily. 

Summary. The establishment of a breed- 
ing colony of wild house mice has been de- 
scribed. The inclusion of exercise drums in 
the breeding cages was found to be necessary. 
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Effect of Oxygen on P. lophttrae Infected Ducks.* 

R. H. Rigdon and H. H. Rostorfer. 

I'Vom the Department of Pathology and Departments of Physiology and Pharmacology, V niver- 
siiy of Arkansas, School of Medicine, Little Lock, Ark. 


It has been suggested that anoxia is an 
important factor in the mechanism of death 
in acute P, Jalciparum infection in man,^ 
P. knowlsi infection in monkeys- and P. 
lophurae infection in ducks.* Furthermore 
it has been shown that ducks with malaria die 
sooner when placed in a decompression cham- 
ber than control birds kept at normal atmos- 
pheric pressure.'* With the rapid destruction 
of red cells by the parasites the time may 
rome during this disease when there is an 
insufficient number of red cells to carry a 
sufficient quantity of o.xygen to supply the 
tissues of the host. The frequent intravenous 
injection of large quantities of duck red blood 
cells into birds that are moribund from ma- 
laria definitely prolongs their life.* In this 
study young ducks infected with P. lophurae 

' Tlii.s work was supported by .n grant from the 
John and Mary R. Markle Foundation to the 
Ucpartimnt of Pathology. The oxygen was sup- 
plied by The Linde Air Products Company. 

lli‘.-ie.irch Paper No. o99, .lourna! .Series, Uni- 
'rrsity of Arkansas. 

* nigdon, R. II., .Im. J. Uyg., 1942, 30, 2G9. 

- Kigdon, R. II., and Stratman, Thomas \V. K., 
-Im. Trap. Hed., 1942, ‘ACX, 329. 

* Rigdon, R. IL, Am. J. Prop. Med., 1944, 2-4, 371. 

' Ro-storfer, II. 11., and Rigdon, R. 11., ./. Ltib. 

"'"1 Clin. .Mill, 1945, 30, SCO. 


have been placed in a chamber and given 
o.xygen to determine its effect on the course 
of the infection. 

In one experiment 10 ducks 15 days of age 
were inoculated intravenously with P. lophurae 
and put into the o.xygen chamber. The o.xy- 
gen within the tank was kept at approxi- 
mately 50% concentration for 6 days at which 
time the amount of o.xygen was increased to 
75-85% for one day. Twenty similarly in- 
fected ducks were kept in batteries in the 
animal room. The time that death occurred 
in these 2 groups of ducks is shown in E.x- 
periment 1, Table I. second group of 25 
ducks IS days of age were inoculated intra- 
venously with P. lophurae infected blood. On 
the 4th day of the infection 10 of these were 
put into the o.xygen chamber. The concen- 
tration of oxygen was kept at approximately 
50% for IS hours and then increased to 75% 
and ultimately to S5% during the following 
24 hours. The 15 ducks in the control group 
were kept in the battery in the animal room. 
The time at which these birds died is shown 
in Experiment 2, Table I. In the third ex- 
periment 20 ducks IS days of age were put 
into the o.xygen chamber on the 4th day of 


•" Rigtlou, R. II., and Varuadoe, Nona B., Jm. J. 
Trap. Med., 1945, 25, 409. 
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Breeding Wild House Mice 


TABLE I. 

Effects of Peat JIoss aad Exercise on the Breeding of Wild House Mice on a Biet of Whole 
Wheat Plour, Dried Whole Milk, and Salt. 

(16-hr ligiit-day.) 


Within 60 days after mating 

HoTof ^ 

Exercise females Ho. of 


Diet Ho. 

Diet description 

drums 

Used 

litters 

Pregnanoies 

100 

Whole wheat, dried whole niilfc, HaCl 

0 

16 

2 

fo ' 
13 

100 

11 11 11 11 D >1 

4- 

13 

11 

85 

259 

Diet 100 plus 10% peat moss 

0 

15 

6 

40 

259 

if ti ft 11 if Si 

+ 

13 

13 

100 


vived. This behavior problem could be solved 
either by mating the mice in single pairs, 
in which case the physical nature of the 
bedding was unimportant, or, preferably, by 
providing the shavings bedding in a state 
which allowed the mating pair to hide. Peat 
moss will serve as well as shavings. 

Dki. At the time of the first breeding 
success in July 1944, following the introduc- 
tion of e.xercise drums, all of the captured mice 
on hand were on a stock diet of 5^ whole 
ivheat, dried whole milk and 1% NaCl 
(Diet 100). The bedding was peat moss. It 
was found that equally good results could be 
obtained by using pine shavings as bedding 
and adding 10^ ground peat moss to the 
diet (Diet 259). This satisfactory, if un- 
orthodox, diet served well in bringing up the 
numbers of the breeding stock at the same 
time that progeny were taken in large num- 
bers for other experiments. At the present 
we are able to breed these wild mice very well 
on Diet 100 without the addition of peat 
moss. A recent experiment to test the effects 
of peat moss in the diet, as well as dem- 
onstrating the role of the exercise drums, is 
summarized in Table I. The females mated 
in this experiment were assembled into the 
experimental groups by dividing litter mates. 
There is thus no reason to attribute the ob- 
vious differences in breeding performance due 
to the presence or absence of exercise drums 
to genetic differences. The e.xercise effect is 
statistically significant; for Diet 100. 
P<'0.001; for Diet 259, P<0.01. The effect 
of peat moss in improving the breeding per- 
formance, while suggestive, is not demonstrat- 


ed with the same statistical adequacy 

(P>0.1). 

It will be noted that on Diet 100, in the 
absence of an e.xercise drum, there were 2 
pregnancies out of 16 mice bred. These 2 
mice, in the absence of peat moss and exer- 
cise, probably came into oestrus by virtue 
of a genetic constitution which permitted this 
event in the absence of the environmental 
factors found necessary for the great number 
of ivild house mice represented here. Such 
genetic variation would serve as the basis of 
selection of stocks independent of the en- 
vironmental factors we have described as 
necessary, and by such means, to extend the 
argument, laboratory stocks may very well 
have been derived. 

Breeding Plan. In order to maintain 
genetic heterogeneity the wild mouse colony 
has been bred in a manner so that closely re- 
lated mice never form breeding pairs, but 
instead are crossed within the limits of the 
stock as much as possible. It is true, of 
course, that various kinds of automatic selec- 
tion are going on which are slowly changing 
the statistical character of the wild genotype 
first assembled in the colony. Thus, those 
females which remain sterile under the condi- 
tions of the laboratory, in spite of the e.xer- 
cise drums, cannot contribute to the genetic 
composition of the succeeding generation. 
Such sterile genotypes will slowly be dimin- 
ished in frequency. Using the per cent of 
pregnancies begun during the first 30 days 
following mating as an inde.x of breeding per- 
formance, during the period of January 1945 
to June 1946, such pregnancies rose from 
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blood for the different examinations. A few 
of the malarial infected birds were kept in 
the chamber and no smears were made. The 
fact that these ducks survived for a longer 
time when given o.xygen would lend support 
to the opinion that anemic anoxia is a sig- 
nificant factor in the mechanism of death in 
the acute forms of malaria. The results of 
this study would indicate that the acute forms 
of this disease should be treated ivith a 
plasmodicial drug and also blood transfusions 


and oxygen should be given to combat the 
anoxemia. 

Summary. It has been shown that ducks 
injected with P. lophurae survive for a longer 
time when placed in a chamber with 75 to 
90% o.xygen than the controls kept in batteries 
in the animal room. These observations sup- 
port the opinion that anoxia is a significant 
factor in the mechanism of death in the acute 
forms of malaria. 
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Inability of Penicillin to Neutralize Dick and Schick Toxins. 

Harry F. Dowling and Harold L. Hirsh. (Introduced by L. W. Parr.) 

I'rotn the George Washington llcdical Division, Gallingcr Miinieipal Hospital, and the Depart- 
ment of Medicine, George Washington University, Washington, D.C. 


The effect of penicillin upon the to.xins of 
various bacteria is not as yet definitely es- 
tablished. Neter^ showed that penicillin did 
not modify the action of tetanus to.xin on 
mice. On the other hand, Boor and Miller^-^ 
demonstrated that endotoxins obtained from 
meningococci and gonococci caused the death 
of fewer mice when the mice also received 
injections of penicillin. Meads and his as- 
sociates,'* as well as we,^ have observed shorten- 
ing of the course of scarlet fever in most of 
the patients who were treated with penicillin. 
The fever and toxicity diminished as soon 
as adequate doses of penicillin were given. 
•Vs a result of these clinical observations we 
became interested in determining whether 
penicillin would neutralize the erythrogenic 
toxin of the hemolytic streptococcus. The ex- 
periments were later e.xtended to include the 

* ^Teter, Enriii, J. Infect. Dis., 1945, 70, 20. 

-Boor, A. K., ami Miller, C. P., Science, 1945, 
427. 

a -Miller, C. P., ami Boor, A. K., Pr.oc. Soc. Exp. 
Biol. .\.n-d Mei>., 194G, 01, IS. 

‘Meads, M., Flipse, M. E., Barnes, M. W.. ami 
Binlaml, M., J. A. M. A., 1945, 129, 7S5. 

•'Hirsli, 11. L., Dowling, II. P., and Sweet, L. K., 
•Bin. hit. .11,,/.. mir,. 0,5. 7.S. 


toxin of the diphtheria bacillus. The results 
of these investigations are reported in the 
present paper. 

Methods and Materials. One-tenth cubic 
centimeter of sodium penicillin in concentra- 
tions ranging from 10 to 1000 units per cc 
of isotonic salt solution were mixed witli 
0.9 cc of standard Dick or Schick toxins. In 
some instances the mixtures were injected im- 
mediately and in others they were first in- 
cubated for 4 or for 24 hours. The 2 con- 
trols used with each test were: (a) the same 
concentration of penicillin as that in the test 
dose, and (b) the standard to.xins, diluted 
in salt solution to 90% of their usual 
strengths. Whenever the test mixtures were 
incubated prior to injection, the control ma- 
teriak were incubated for the same period of 
time. The skin reactions to Dick to.xin were 
read 24 hours after intracutaneous injection 
and the Schick tests after 48 hours. The de- 
gree of erythema, edema and induration was 
used as criteria for judging the results. 

Results. Dick Tests. .Mtogether 67 tests 
with mixtures of penicillin and Dick to.xin 
were done on 63 subjects. The results arc- 
shown in Table I. The control tests con- 
taining penicillin in salt solution gave nega- 
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TABLE I. 

Effect of Oxygen on P. lophum Infected Ducks. 


Time 


No. of ducks in each experiment 

No. of ducks dead 


Esp.l 

Exp. 2 

Exp. 3 

10 dnelvs 
oxygen 

20 ducks 
control 

✓ 

10 ducks 
oxygen 

\ 

15 ducks 
control 



20 ducks 
oxygen 

21 ducks 
control 

StU Day — 







8 a.m. 





0 

1 

12 



0 

2 

0 

3 

4 p.m. 



0 

5 

0 

7 

8 



2 

10 

4 

13 

12 



5 

11 

5 

13 

6t!i Day — 







4 a.m. 



7 

11 

D 

13 

8 

1 

7 

8 

12 

7 

16 

13 

2 

11 

8f 

12t 

10 

18 

4 p.m. 

3 

15 



10 

18 

8 

3 

15 



10 

18 

12 

5 

15 



10 

18 

7 th Day — 







8 a.m. 

7 

15 



12 

IS 

12 

8* 

15* 



131 

18t 

* Experiment discontinued, 2 

ducks survived given oxygen, 3 of the controls survived. 

t 

1 j 2 

>> >> 


>’ 3 ” 

)3 


i 

" 7 

>> tf 


” 3 ” 

ii >> 

f) 


infection and 21 were kept in the battery. 
The oxygen concentration was kept at ap- 
proximately 509^ for 24 hours after which it 
was increased to 85-90% for the follotving 
2 days at which time the experiment was 
discontinued. The time that death occurred 
in these 2 groups of ducks is shown in Ex- 
periment 3, Table I. The data given in 
Table I indicate that ducks infected with P. 
lophiirae survive for a longer period when 
kept in an o.xygen chamber containing 75 to 
90% oxygen than similarly infected birds 
kept in batteries in the animal room. 

The degree of parasitemia was followed in 
some of these infected ducks by counting the 
number of parasitized cells per 500 R.B.C. 
in the peripheral blood. Smears were stained 
with a combination of Wright's and Geimsa’s 
stains. Our results indicate that the para- 
sitemia is higher at the time of the peak of 
the infection in the birds kept in the presence 
of the high concentration of oxygen than it 
is in the control groups kept in the batteries. 
The total red cell counts were followed in a 
group of 6 young ducks kept in the oxygen 
chamber for 2 weeks with a concentration of 
approximately 50 to 75% of o.xygen. These 


birds showed only a slight decrease in the 
total red cell count after being in the chamber 
for 5 days. The number of cells then gradual- 
ly increased during a period of 48 hours and 
remained at a level slightly below normal 
for 6 days. After 2 weeks these birds were 
removed from the tanks and put into the 
regular batteries. There was no significant 
change in the red cell count during the fol- 
lowing 6 days. Seven normal ducks 16 days 
of age were put into the chamber with an 
o.xygen concentration of approximately 50%- 
.After 2 days the blood from one of these birds 
was removed by cardiac puncture. The color 
index, volume index and relative cellular 
hemoglobin were determined. Blood was ob- 
tained from other ducks in the tank over a 
period of one week. Blood for the controls 
was obtained from similar aged birds kept in 
the battery. There occurred a slight increase 
in the color index and a slight decrease in 
the relative cellular hemoglobin of the ducks 
kept in the o.xygen chambers over that of 
the controls. 

The ducks were kept in the oxygen chamber 
continuously during these e.xperiments e.xcept 
for the short intervals necessary to obtain 
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3. Penicillin injected into an area of rash 
of patients with scarlet fever did not cause 
blanching. 

4. Dick positive patients receiving penicil- 
lin for an unrelated disease did not become 
Dick negative after a week of penicillin 


therap3L 

S. It is concluded that penicillin has no 
neutralizing effect upon Dick or Schick toxin. 

We ^visli to thank Dr. John H. Hanks for liis 
interest and advice. 
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Hypertonic Sodium Chloride Solution as Serum Diluent in Agglutination 
Tests with Rickettsia burneti* 


Nathan Gallenson. (Introduced by J. H. Dingle.) 

From the Sespiratory Diseases Coiniiiissioii Lahoratory, Scyioiuil Hospital, Fort Dragg, H.C. 


In the course of agglutination tests employ- 
ing as antigen a killed suspension of the 
Balkan Grippe strain of Rickettsia burneti^ 


it was found that a prozone effect occurred 
with considerable frequency. In addition, the 
fine granular quality of the aggregates some- 


TABLE I. 

Effect of Varying Coiiceiitratious of Sodium Chloride, as a Diluent for Sera, on Agglutination 
of a Suspension oi Sickettsia hurneti. 


Convalescent 

serum 

Cone, of 
diluent 
% KaCl 



Dilution of serum 



Diluent 

control 

1:4 

1:8 

1:16 

1:32 

1:64 

1:128 

1:256 

1 

0.85 

4 

4 

4 

2 

1 

0 

0 

0 ’ 


2.0 

4 

4 

4 

4 

o 

-+- 

0 

0 


5.0 

4 

4 

4 

4 

o 

1 

0 

0 


7.5 

4 

4 

4 

2 

1 

0 

0 

0 


10.0 

4 

4 

3 

o 

0 

0 

0 

0 


12.5 

4 

4 

3 

o 

0 

0 

0 

0 


15.0 

4 

4 

3 

1 

0 

0 

0 

0 

o 

0.85 

4 

4 

4 

o 

o 

•+” 

0 

0 


2.5 

4 

4 

4 

4 

o 

1 

0 

0 


5.0 

4 

4 

4 

4 

o 

1 

0 

0 


7.5 

4 

4 

4 

2 

1 

0 

0 

0 


10.0 

4 

4 

3 

o 

0 

0 

0 

0 


12.5 

4 

4 

3 

2 

0 

0 

0 

0 


15.0 

4 

4 

2 

1 

0 

0 

0 

0 

3 

0 85 

4 

4 

4 

4 

3 

*+• 

0 

0 


2.5 

4 

4 

4 

4 

4 

o 

0 

0 


5.0 

4 

4 

4 

4 

3 

2 

0 

0 


0 — No agglutination. 

1, 2, 3 — Increasing degrees of agglutination. 

1— Complete agglutination. 


' This investigation was supported through the 
toiinnissiou ou Acute Respiratory Diseases, Board 
■or the Investigation and Control of Inlluenza and 
Other Epidemic Diseases in the Army, Preventive 
Medicine Service, Oflice of the Surgeon General, 
U. S. -Vrmy, and by grants from the Common- 
wealth Eund, the W. K. Kellogg Foundation, the 
John and .Mary R. ilarkle Foundation, and the 


International Health Division of the Rockefeller 
Foundation to the Board for the Investigation 
and Control of Influenza and Other Epidemic Dis- 
eases for the Commission on -Veute Respiratory 
Diseases, 

1 Commission on .\cute Respir.itory Dise.ases, 
Am. J. Ilyg., lUlti, -1-1, 110-122. 
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as the one giving a final electrolyte concen- 
tration which was most nearly optimal. Ad- 
ditional experiments confirmed this finding. 
They indicate further that the prozone effect 
was reduced or eliminated when the 5.0% 
diluent was employed, and that a more dilute 
antigen could be used (Table II). 

The application of these observations has 
made possible the use of a screen test con- 
sisting of one or 2 low-serum dilutions, for 


the rapid detection of rickettsial antibodies 
in large numbers of sera at a considerable 
saving of antigen. 

Summary. The use of a 5.0% solution of 
sodium chloride as a serum diluent in ag- 
glutination tests with Rickettsia burneti re- 
duced or eliminated the prozone effect and 
permitted the emplojmient of a more dilute 
antigen. 
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Induced in vitro Resistance of Staphylococci to Streptomycin and 

Penicillin. 

Otto E. Geaessee and Bettina M. Frost. (Introduced by H. Molitor.) 
From the ilerch Institute for Therapeutic Eescarch, Eahwai/, X.J. 


It has been recognized that certain strains 
of staphylococci acquire resistance to penicil- 
lin when grown in a medium containing this 
antibiotic.^"® Streptomycin’ resistant strains 
can also be produced in vitro by exposure to 
this agent.*"^® 

The following study was undertaken to 
determine (1) the rate and degree to which 
various staphylococcal strains acquire resist- 

1 -tbraham, E. P., Clmin, E., Fletcher, C. 31., 
Gardner, A. D., Hcatley, N. G., Jennings, 31. A., 
and Florey, H. W., Lancet, 1941, 2, 177. 

- Eommclkanii), C. H., .and Maxton, T., Pboc. 
•Soc. Exp. Biol. .\.xd 3Ied., 1942, 51, 3S0. 

3 McKee, C. 31., and Houek, C. L., Proc. Soc. 
Exp. Biol, .vxd Med., 1943, 53, 33. 

■iDcmerec, 31., Proc. Xat. Jead. Sci., 1945. 
:tt, 1C. 

^Todd, E. 3V., Turner, G. S., and Drew, L. G., 
Ilrit. Med. J., No. 4380, 1945. 

“Rake, G., McKee, C. 31., Hauire, D. M., and 
Houck, C. L., J. J mmunol., 1944, -18, 271. 

‘ Scliatz, A., Bugie, E., and Waksinan, S. .1., 
Proc. Soc. Exp. Biol. .\xd Med., 1944, 55, 00. 

^Waksman, S. .V., Reilly, II. G.. and Sehatz. .\.. 
I’roc. .Vat. Acad. Sci., 1945, 31, 157. 

® Youinans, G. P., Williston, E. H., Feldman, 
w. H., and Hinshaw, H. C., Proc. StatJ Meet., 
Ilayo Clinic, 1940, 21, 120. 

I® Miller, C. P., and Bohnhoff, 31., J. A. M. A., 
1940, 130, 4S5. 


ance to streptomycin and to crystalline peni- 
cillin (G); (2) whether strains made resistant 
to penicillin simultaneously acquire resistance 
to streptomycin; (3) whether the resistant 
strains revert to their original sensitivity after 
repeated transfer in nontreated broth or when 
stored on dry ice for long periods of time; 

(4) if differences occur in the metabolic ac- 
tivity of the resistant and sensitive sti;ains 
with respect to carbohj'drate fermentation, and 

(5) to observe if changes in morphological 
characteristics occur after the organisms de- 
velop resistance to streptomycin. 

Materials and Methods. The potency of 
the penicillin used was constant since crystal- 
line penicillin (G) was used, however the 
streptomycin varied in potency from 250 to 
600 units per mg. Bacto Brain Heart In- 
fusion Broth was used as the liquid broth and 
standard F.D..-V. agar served as the solid me- 
dium. Possible changes in the carbohydrate 
reactions of the cultures rendered resistant 
to streptomycin were investigated in Bacto 
Peptone Colloid ^ledium to which was added 
0.002% phenol red and 1% of the carbo- 
hydrate. The media were inoculated from a 
24-hour culture, incubated at 37°C and read 
after 24, 30, 48 and 120 hours. 

Six strains of staphylococci obtained from 
different sources were used and designated as 
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times caused uncertainty in determining end 
points. These difficulties were most often 
encountered with sera of high titer and with 
light antigen suspensions. 

As is well known, the electrolyte concentra- 
tion influences the rate of antigen-antibody 
reactions and the ratio in which antibody 
combines with antigen in flocculation and ag- 
glutination tests.- Accordingly, the effect of 
varying salt concentrations on the agglutina- 
tion test with Balkan Grippe antigen was in- 
vestigated. 

The suspension of rickettsiae used as antigen 
was prepared in a density comparable to 
Barium Sulphate Standard No. 2? The sera 
were obtained from patients in a laboratory 
outbreak of Q fever caused by the Balkan 
Grippe strain of R. burneti.* The effect of vary- 
ing salt concentrations was determined by the 
use of a single antigen and 3 sera serially di- 
luted in solutions of 0.85, 2.5, 5.0, 7.5, 10.0, 
12.5, and 15.0% sodium chloride, respectively. 

The technic of the agglutination test*- was 
as follows: sera were centrifugalized to remove 
particulate material and diluted serially in 
multiples of 2 in the respective saline solu- 
tions. To 0.2 ml of each serum dilution was 
added 0.2 ml of antigen dilution in 0.85% 
solution of sodium chloride. The tubes were 
incubated at 48 °C for 10 minutes in a water 
bath, shaken for 3 minutes, returned to the 
48 “C water bath for 3 hours, and then placed 
at 4°C for IS hours. The tubes were e.v- 
amined at the end of 1, 2, 3 and 21 hours. 
Readings were made with the aid of a concave 
mirror against a dark background. 

The initial experiments indicated that ag- 
glutination occurred to a slightly higher titer 
when the sera were diluted with 2.5 and 5.0% 
solutions of sodium chloride (Table I). In 
addition, the rate of combination was some- 
what more rapid with the 5.0% solution, 
than with the 2.5% solution. The 5.0% solu- 
tion of sodium chloride was therefore selected 


- Boyd, W. C., Fundamentals of Immunology, 
1943, Intevscience PuWisliers, Inc., New York. 

3 Wadsworth, A. B., Standard Methods, 1939, 
W'illiams and Wilkins Co., Baltimore. 

Commission on Acute Rcspir.atory Diseases, 
Am. ,J. nyg.. 1940, 44, 12.S-I5". 



Induced Resistance to Streptomycin 


173 


ACQUIRED RESISTANCE OF VARIOUS STRAINS OF STAPHYLOCOCCUS AUREUS 

TO STREPTOMYCIN 

o 

o FIG.2 
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quired also varied as evidenced by the fact 
that one strain (S. aureus F.D.A.) developed 
a resistance of approximately 1000-fold in 
10 days, whereas other strains required from 
35 to 45 days to withstand the same increase 
in penicillin concentration. 

A similar resistance developed when the 
original cultures were exposed to increasing 
concentrations of streptomycin (Fig. 2), but 
showed less variation than when exposed to 
penicillin. It seemed to occur more rapidly, 
hut to a lesser degree than to penicillin. In 
all cases resistance increased rapidly until 
the organisms tolerated approximately 300 
to 700 times as much streptomycin as original- 
'>’• It was of interest to note that none of 
the resistant strains destroyed streptomycin 
indicating that increased resistance is not due 
to the formation of a streptomvcin-destro 3 'ing 
enzyme. 


Regression 
to determine 


oj Induced Resistance. In order 
whether a resistant strain would 


levert to its original sensitivity when cultured 


in broth free of penicillin, strain S. aureus 
S.D. which had acquired a resistance of 60- 
fold in 15 days was transferred daily in nu- 
trient broth over a 7-day period. The results 
show that with this strain resistance was lost 
within 7 days (Fig. 1). Upon re-e,\posure 
to penicillin the culture became resistant to 
the same degree, requiring however, a longer 
period of time. Similar tests were performed 
with 5. aureus No. 155.4, S. aureus S/uith and 
S. aureus .Vo. 155 after these cultures acquired 
an increased resistance of 1600-, 300- and 
2100-fold respectively. 

.All of tlie penicillin-resistant strains tested 
showed some decrease in resistance upon trans- 
fer in nutrient broth. 

When the streptomycin-resistant strains 
were transferred in a similar manner they al- 
so became more sensitive to the antibiotic. 
Over the 21-day period during which these 
strains were followed in broth they showed 
less variation in the rate at which resistance 
regressed than was observed with the penicil- 
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S. aureus Smith, S. aureus F.D.A., S. aureus 
No. 155, S. aureus No. 155A, S. aureus S.D., 
and 5. atmeus C. 

Regression of induced resistance to the anti- 
biotics was studied by freezing the fast strains 
and storing them on dry ice for from 9 to 12 
months. Upon removal they were grown 
through several transfers before testing for 
resistance. 

The sensitivity of each organism to the 
antibiotics was determined by the following 
method; A series of dilutions of the test agent 
in sterile distilled water was prepared in such 
a manner that they were 10 times more con- 
centrated than the final dilution desired. To 
1 cc of each dilution was added 9 cc of seeded 
culture medium containing a 10*= dilution of 
a 24-hour culture of the test organism. The 
tubes were incubated at 37°C for 24 hours 
and examined for turbidity. The minimal 
concentration of the antibiotic in units per cc 
which resulted in complete_ inhibition of 
growth was taken as the inhibiting concentra- 
tion. 


Resistance was produced by transferring 
each culture into broth containing one-half 
of its inhibiting concentration of the anti- 
biotic. After S such daily transfers, the bac- 
teriostatic concentration for the culture was 
redetermined, and the drug concentration in- 
creased so as to equal one-half of the new 
inhibiting level. This procedure or a slight 
modification, was continued until no further 
significant change in resistance was evident. 
Control cultures were maintained by daily 
transfer in untreated broth. 

Results. Induced Resistance. All of the 
cultures e.\'posed to penicillin and streptomycin 
as described above decreased in sensitivity 
to the antibiotics. The degree to which re- 
sistance was acquired depended upon the 
strain and the duration of e.xposure. Thus, 
3 strains of Staphylococcus aureus acquired 
a resistance to penicillin of at least 1500-fold 
within 10 to 52 days; whereas one culture 
became only 4 times more resistant when e.\'- 
posed in the same manner (Fig. 1). Further- 
more, the rate at which resistance was ac- 
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TABLE I. 

Carbohydrate Bcaetlous of Slrcptomycin Resistant Staph 3 'Iocoeca l Strains, 
S. aureus S. il. S. aureus F.D. A. 
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marked differences in the appearance of the 
broth cultures or colony formation on agar, 
except for a loss of pigmentation by the re- 
sistant S. aureus F.D. A. and S. aureus Smith. 
^ Carbohydrate Fermentation. At peak re- 
sistance the streptomycin-resistant staphylo- 
coccal cultures showed no change in the sugars 
fermented (Table I), but an appreciable in- 
crease in the time required for the fermenta- 
tion was observed. Two weeks after the cul- 
tures had been returned to broth without 
streptomycin they irere retested, and with the 
exception of S. aureus No. 155 which continued 
slow in fermenting lactose, produced acid at 
the same rate as the control cultures. 

Summary, i. Under certain conditions 


strains of 5. aureus develop resistance in vitro 
to streptomycin or to penicillin (G). 2. 

Greater variation occurs in the degree and rate 
at which resistance is acquired to penicillin 
than to streptomj’cin. 3. All of the strepto- 
mycin and penicillin-resistant strains studied 
showed some decrease in resistance upon 
transfer in broth free of the antibiotics. 
4. Two of the penicillin-fast strains increased 
in resistance to streptomycin whereas the 
streptomycin-fast strains remained sensitive 
to penicillin. 5. Some streptomycin-fast 
staphylococcal strains show a change in pig- 
ment production and a reduction in the rate 
of carbohydrate fermentation. 
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ACQUIRED RESISTANCE TO PENICILLIN AND STREPTOMYCIN OF STAPHYLOCOCCAL 
STRAINS EXPOSED TO CRYSTALLINE PENICILLIN G 


o resistance to l>ENICILt.lN 

U 




lin-resistant strains. 

When stored on dry ice for from 9 to 12 
months 3 of the 5 strains which had acquired 
resistance to penicillin were found to be more 
sensitive. The resistance of strains S.M., 
S.D. and No, 155A was reduced from 300-, 
65- and 1600- to 40-, 3.5- and 70-fold re- 
spectively when stored for this period of time. 
On the other hand, strains F.D.A. and No. 
155 remained practically unchanged. It is 
notable that the strains which retained their 
resistance were those which showed the great- 
est degree of increased resistance during ex- 
posure to penicillin. In contrast to the fore- 
ooing findings all streptomycin-fast strains 
retained their resistance to this antibiotic 
when stored at a low temperature for long 


periods of time. 

Cross Resistance. During the period in 
which- the staphylococci were being made re- 
sistant to penicillin they were also tested for 
sensitivity to streptomycin. A change in the 
inhibitory effect of penicillin on the strepto- 
mycin-fast strains was also investigated. 
Under these conditions it was observed that 


5. atirem F.D.A. and 5. aureus No. 155 
while acquiring resistance to penicillin bad 
simultaneously become 15 and 30 times more 
resistant to streptomycin. These strains had 
also shown the greatest increase in resistance 
to penicillin. Three additional strains did 
not show this increase in resistance. For 
simplicity the results observed with 3 rep- 
resentative strains are presented (Fig. 3). In 
contrast, aU S streptomycin-resistant strains 
remained sensitive to penicUlin. 

Morphology. Cultures acquiring resistance 
to commercial penicillins have been reported 
to show morphological changes, marked 
pleomorphism,®’^^ loss of pigmentation,®-*^ 
and slowing of metabolic reactions. *-®’**'*" 
Similar morphological changes and pleomorph- 
ism as have been described by others were 
observed in the staphylococcal strains made 
resistant to crystalline penicillin (G). 

Studies on the growth characteristics of the 
streptomycin-resistant strains showed no 

11 Gardner, A. D., Nature, 1940, 140, 837. 

12 Spink, W. W., Ferris, V., and Vivdno, J. J., 
Pkoo. Soc. Exp. Biol, and Med., 1944, 53, 210. 
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infectious material into guinea pigs. Finally, 
there may be a rickettsiostatic effect of the 
serum upon the circulating agent. The precise 
reason is not known for antibody studies 
were not made on these 5 specimens of guinea 
pig convalescent serum. 

Seven of the cases (6, 14, 15, 16, 19, 22 
and 25) received further doses of serum after 
the second isolation of the agent and hence, 
it is impossible to determine the possible ef- 
fect of the early administration of serum upon 
the clinical course of the disease. However, 
Cases 11, 13, 20 and 24 were of particular 
interest since the total amount of serum ad- 
ministered occurred between the 2 strain isola- 
tions. 

Cases 11 and 13 were recorded^ as being 
of moderate severity, showing slight prostra- 
tion, central nervous system involvement, 
cardiovascular changes or mild complications. 
The only effect observed after the administra- 
tion of 58 cc and 51 cc of serum, respectively, 
was to prolong the incubation period in the 
guinea pigs when isolations were made 15 
and 19 hours after serum treatment. Case 24, 
who received 59 cc of serum, was characterized 
as being a severe typhus with definite pros- 
tration, central nervous system involvement, 
cardiovasculai changes or serious complica- 
tions (nitrogen retention). When an isolation 
was attempted 3 minutes after the administra- 
tion of serum, the period of incubation was 
reduced from what was found for the preserum 
isolation. In Case 20, which was character- 
ized as being of such severe illness that a 
fatal outcome was e.\pected at some point in 
the clinical course, the administration of 78 cc 
of serum had a slight effect upon the agent 
when isolation was made after 21 hours and 
none after 1 14 hours. 

S.nce a favorable effect of the serum on the 
course of the illness was obvious from the 
clinical observations, the question arises as 
to what this effect may be attributed. It is 
evident that the serum did not have a 
rickettsiocidal effect upon the agent, for in 
1 1 instances we were able to isolate tne agent 
after the administration of serum. The serum 
may have had a rickettsiostatic effect. In 
favor of this hypothesis would be the pro- 
longed incubation period in the guinea pigs 
in the postserum isolations. The final and 
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Effect of Concentrated Hyperimmune Rabbit Serum on Circulating Agent 

in Louse Borne Typhus. 

Harry Plotz,* Byron L. Bennett,* and Farid Tabet. 

From the Division of rirus and JticUttsial Diseases, Armi/ Medical School, and Vuitcd States 
of America Typhus Commission, War Department, Washington, D.C. 


Immune serum has been used by a number 
of workers in the treatment of rickettsial 
diseases. A recent report by Yeomans, Sny- 
der and Gilliam reviewed the previous work 
and reported upon the use of a concentrated 
hyperimmune rabbit serum in the treatment 
of 25 cases of epidemic typhus fever studied 
in Cairo, Egypt.^ These authors concluded 
that hyperimmune antityphus rabbit serum 
had a favorable therapeutic effect on the course 
of typhus if treatment was started in the first 
3 days of the disease. Although serum treat- 
ment seemed to have reduced the mortality 
in the group of patients who received serum 
on the 4th, Sth, or 6th day of illness, the 
value of serum therapy for late cases could 
not be determined. 

Of the 25 cases studied by Yeomans, Snyder 
and Gilliam, strains of epidemic typhus were 
isolated in guinea pigs by the authors in 20 
instances. In 11 of these cases, attempt at 
strain isolation was made immediately before 
and again at variable times after the adminis- 
tration of the serum. Since the method em- 
ployed for strain isolation was identical in 
each instance, it was possible to ascertain 
the effect of the serum upon the circulating 
agent. Furthermore, the nature of this ef- 
fect could be determined, within certain lim- 
its, by comparing the period of incubation 
in the inoculated guinea pigs in the pre- and 
postserum isolations. 

Method. Thirty cc of blood were with- 
drawn from the patient. The blood was kept 
in ice and usually was inoculated into guinea 
pigs within 2 hours after withdrawal. After 
coagulation, the serum was removed and the 
clot was ground up in a mortar with alundum. 
This material was then suspended in 10 cc 
of physiological saline. After the al undum 

-Drit^States oFAmerica” Typhus 

Commission, 

lY^comans, A., Snyder, S. C., and Gillmm, A. G., 
J. A. Y- A., 1945, 19- 


sedimented, 5 cc of the supernatant fluid were 
inoculated intraperitoneally into each of 2 
male guinea pigs. The temperatures of the 
guinea pigs were taken for several days prior 
to inoculation in order to obtain the normal 
level and for 21 days after. A temperature 
of 104°F or higher was considered as fever. 

Table I records the pertinent data in this 
study. These data indicate that in 11 cases of 
epidemic typhus fever treated with hyper- 
immune rabbit serum, it was possible to iso- 
late the agent in guinea pigs immediately be- 
fore and again at variable periods after the 
administration of serum. This was true when 
the postserum isolations were made immedi- 
ately after and up to 114 hours after the ad- 
ministration of serum. Even though circulat- 
ing agent was still present after the administra- 
tion of serum, some deleterious effect of the 
serum upon the agent was evident as judged 
by the prolongation of the period of incuba- 
tion in the postserum isolations. There were 
2 e.xceptions. In Case 24, blood was drawn 
for postserum isolation 3 minutes after the 
administration of serum. The incubation 
period in the inoculated guinea pigs was re- 
duced 2 days. In Case 20, in an isolation 
made 21 hours after the administration ol 
serum the period of incubation was prolonged 
by 3 days, while with the isolation made 
after 114 hours, this period was reduced 2 
days. It should be noted that in 6 cases one 
guinea pig each in the postserum isolations 
failed to react when observed over a 21-day 
period. This failure to react may have been 
due to an inapparent infection which is char- 
acterized by no evident symptoms of disease 
but is followed fay the appearance of specific 
antibodies, or by a missed infection charac- 
terized by no symptoms, or the appearance 
of specific antibodies.- These possibilities 
may occur normally after the inoculation of 

e Plotz, H., Wcrtmaii, K., and Beunett, B. L., 
Proc. Soc. Exp. Biot, .vxd Med., 1940, 41, 70. 
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TABLE 1. 

SumiiiiiQ- oi Hog Cholera Virus Passages in Rabbit Spleen. 
Babbits 


JTo. with 

iiabbit ATo. febrile Highest 

jjascage* iiioeulatctl reaction temp, “P 


Swine 



Xo. 

injected Results 


1 

3 

5 

0 


8 

a 

11 


7 4 104.8 

2 2 104.7 

4 3 104.6 

3 3 105.2 


4 3 105.1 

4 3 104.S 

4 2 105.0 


2 1 sacrificed when sick on Gth day. 

1 survived with development of immunity 
(.see text). 

2 Ct died on IStli day witli typical bog 

cholera lesions. 

1 It died on IStb day with typical hog 

cholera lesions. 

2 2 survived. 1 showed delayed febrile re- 

action. 


* Refers to number of passages counting from the Gth alternating pig-to-rabbit to pig-to-rabbit 
j/ass.ige. 

1 Xnrinal .swine placed in the same pen with these animals contracted hog cholera and died from 
the disease. 


The presentation of experimental data is the 
subject of this report. 

Material and Methods. The bog cholera 
strain was the stock virus used by the Lederle 
Laboratories in St. Joseph, Alissouri* for the 
production of hog cholera virus vaccine and 

* Wo are indebted to Air. Prank Cooper, of the 
8t. Joseph plant, for his cooperation in the initial 
st.iges of this work. 


immune serum. Pigs were bought from local 
farmers whose premises were known to be 
free from hog cholera and who employed no 
hog cholera vaccines. The pigs were obtained 
immediately after weaning and care was taken 
to ascertain that none of the animals were 
exposed to hog cholera or were sick prior to 
purchase. Upon arrival in this laboratory, 
the pigs were kept in strict quarantine for 


FIG. I 

T£MPEflATuP£ CURVE OF PABBir 
INJECTED WITH THE EIGHTH RABBIT SPLEEN-PASSAGE VIRUS 
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most likely hypothesis is that the serum ex- 
erted beneficial clinical effect because of an 
antitoxic effect. It has been shown that a 
“toxic factor” is associated with the epidemic 
and murine strains of typhus rickettsiae cul- 
tivated in yolk sac cultures and that this 
“toxic factor” can be neutralized specifically 
by convalescent serum. This may explain 

3 Gildemeister, E., and Haageu, E., Dent. Med. 
Wchschr., 1940, 66, 878. 

•* Bengtson, I. A., Topping, X. H., and Hender- 
son, B. G., Hat. Inst, of Health, Bull. No. 183, 
1945, p. 25. 

3 Henderson, B. G., and Topping, N. H., Nat. 
Inst, of Health, Bull. Ao. 183, 1845, p. 41. 

« Hamilton, H. L., Am. J. Trap. Med., 1945, 
35, 391. 


why such relatively small amounts of serum 
as were employed in Cases 11, 13, 20 and 24 
exerted a beneficial clinical effect. The h}- 
perimmune rabbit serum used in these cases 
was prepared with infected yolk sac cultures. 

Conclusion. 1. In 11 cases of epidemic 
typhus treated with hyperimmune rabbit ser- 
um, strains were isolated immediately before 
and again at variable periods after the ad- 
ministration of serum. 2. The only effect 
observed was that in the postserum isolations 
the period of incubation in the inoculated 
guinea pigs was usually, but not always, pro- 
longed. 3. While the effect of the serum upon 
the agent may be rickettsiostatic, it is believed 
that a more likely e-xplanation of the favorable 
clinical effect was due to its antitoxic effect. 


15540 

Propagation of Hog Cholera Virus in Rabbits. 

Hilary Koprowski, Terence R. James, and Herald R. Cox. 

From the Viral and Richettsial Sestarch Section, Lcderle Laboratories Division, American 
Cyanamid Company, Pearl Fiver, .V.F. 


The literature in regard to negative results 
in attempts to transmit hog cholera virus to 
hosts other than swine, is too voluminous to 
be cited. The only evidence of actual trans- 
mission of the virus in other hosts has been 
furnished by Zichis^ who was able to propagate 
the virus for 10 passages in domestic sheep. 
Cultivation of the virus in hog tissue outside 
the body of the animal has been reported by 
Hecke- and TenBroeck.^ 

Even though all evidence indicated that hog 
cholera would be a difficult virus to adapt to 
other hosts, it seemed that in view of the 
knowledge gained with other viruses— such as: 
poliomyelitis,'* dengue fever," Colorado tick 

IZichis, J., /. Am. Vet Med. Assn., 1939, 95, 

272 , 

3 Hecke, E., Zeniralbl. Bkt. Abt. I, Orig., 1932, 
120, 517. 

STeiiBroeck, C., L. Fxp. Med., 1941, 74, 427^ 

4 Armstrong, C., Pub. Sealth Pep., 1939, 54, 
2302. 

' o Sabin, A. B., and Sohlesinger, K. W., Science, 
1945, 101, 640. 


fever®-* and rinderpest,®"** the problem should 
be reinvestigated. 

For some time attempts have been made in 
this laboratory to adapt hog cholera virus to 
some host other than swine. In accordance 
with the experience of most previous invati- 
gators most of our attempts ended in failure. 
Recently, however, by using an alternating 
passage method similar to that reported by 
Baker*® in his work with rinderpest virus in 
rabbits, we have obtained results indicating 
that hog cholera virus may be successfully 
passed for a number of generations in rabbits. 

« Plorio, L., Stewart, M. D., and Jlugrage, E. B. 
J. Exp. Med., 1944, SO, 165. 

" Koprowski, H., and Cox, H. E., Pkoc. Soc. 
Exp. SiOL. axd Med., 1946, 62, 320. 

3 Nakamura, J., Wagatuma, S., and Pukuslio, K., 
J. Jap. Soc. Vet. Sci., 1938, 17, 185: English Sum- 
mar}', pp. 25-30. 

sKunert, H., Dtsch. tierarstl. Wschr., 1938, 46. 
487. 

W Baker, J. A.. Am. J. Vet Fes., 1946, 7, 179. 

HSbope, B. E., Griffiths, H. J., and Jenkins. 
D. L., Am. J. Vet. Fes., 1946, 7, l3o. 
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FtC 3 

TSuPeajtTURS CUPVSS OF PABBITS 

INjeCTED WITH FHE SIXTH AHO SEVENTH RABBIT BLOOD-RASSACE VIRUS 



HOURS AFTER INOCUIATIOH 


6lh day after inoculation with hog cholera 
virus, was made into a 10% suspension in 
saline in a TenBroeck grinder. The suspen- 
sion was centrifuged for 5 minutes at 1000 
r.p.m. and 2 ml of the resulting supernatant 
were inoculated intravenously into a rabbit. 
The rabbit showed no elevation of body tem- 
perature but was sacrificed on the 3rd day 
after inoculation and a 10% suspension of 
its spleen inoculated into a pig. The latter 
showed fever up to 105-106- F on the 2nd, 
Ird and 4th days after inoculation and was 
sacrificed on the Sth day, h suspension of 
its spleen, in turn, was injected into a rabbit. 
The virus was transferred by means of this 
technic of alternation between the hog and 
one or 2 rabbit passages until it had been 
tarried through 6 intermittent rabbit pas- 
sages. Out of 7 rabbits injected ivith the 6th 
passage virus, 3 showed slight elevation of 
temperature on the 2nd day after inoculation, 
and were sacrificed at that time. Their spleens 
were pooled and a suspension of them was 
injected intravenously into another group of 
labbiis. These animals also reacted with a 
dight fever and were sacrificed in turn, and 
* ^ was thus transferred for 2 more 
rabbii passages. At this stage, none of the 


rabbits showed increased temperatures on 
routine checking and no virus was detected in 
their spleens by subinoculation of swine. It 
thus became obvious that the virus was either 
merely transferred from one rabbit to an- 
other without proliferation or that the technic 
of taking temperatures only twice during the 
daytime, following the technic used by Baker* 
in his work with rinderpest virus, was inade- 
quate. In order to test the latter possibility, 
a rabbit spleen suspension, representing the 
3rd rabbit passage, was injected into 3 rab- 
bits, temperatures of which were taken every 
2-3 hours throughout the 24-hour period. 
.\11 3 rabbits reacted with a febrile re- 
sponse on the 2nd night after inocula- 
tion. Curiously enough the elevated tem- 
perature lasted only 2-3 hours after which 
it started to drop. The animals were sac- 
rificed during this febrile period and a pool 
of their spleens when injected into swine 
proved to contain hog cholera virus. By 
adopting the above technic of taking tempera- 
tures every 2 or 3 hours, day and night, the 
virus was carried for 12 continuous rabbit 
passages by spleen transfer. Febrile response 
was the only sign of infection in the rabbits. 
The data are summarized in Table I. A 
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FIG. 2 

.SUMMARY OF HOG CHOLERA VIRUS PASSAGES IN RABBIT BLOOD 
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2 weeks and released for experimental use 
only if signs of disease were absent in the 
entire lot. Inoculated pigs were housed in 
individual pens under strict isolation so that 
any possibility of cross-infection was ruled out. 
White rabbits of the “New Zealand" strain 
were used throughout the work. The animals 
were S-8 lb. in weight and were kept indi- 


vidually in cages. The pigs were inoculated 
intramuscularly in the groin and the rabbits 
were inoculated in the marginal ear vein. 
Rectal temperatures were taken on the ani- 
mals twice daily, at 8:30 a.m. and 4:30 p.m., 
unless otherwise stated. 

Experimental. Infected hog spleen, derived 
from an animal which was sacrificed on the 
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i’ge transfers promptly at the time the febrile 
response occurred. 

It may be of interest to mention here that 
other investigators^®-^"^® have used the con- 
cept of alternating passages to maintain, modi- 
fy, reactivate or adapt viral or rickettsial 
agents to other hosts or tissues. 

It is conceivable that it may not be essen- 
tial to use the alternating passage method 
to pass hog cholera virus in rabbits since in 
•.York, with rinderpest virus, Nakamura and 
colleagues® were able to adapt the virus to 
rabbits and maintain it for 166 consecutive 
serial passages without going back to the 
original host. Edwards^^ also reported suc- 


>- Leyaditi, C., Harvier, P., et Nieolau, S., 
-liir.aJfa dc 1‘lnstitut Pasteur, 1922, 30, 107. 

i^Ch’en, IV. K., Peoc. Soc. Exp, Biol, axd 
Mm.. 1033-34, 31, 1252. 

H Coffey, .T. JI., Am. J. Pub. Health, 1934, 
24, 473. 

Cos, H. E., Science, 1941, 94, 399. 

K Waddell, M. B., aud Taylor. K. M., Jm. J. 
Hop. Ifcd., 1045, 25, 225. 


cess in maintaining rinderpest virus in rabbits 
for a period of at least 14 months bj' going 
directly from the calf to the rabbit and by 
making successive intravenous transfers in rab- 
bits every 2-7 days. On the other hand Baker^ 
found it necessary to use the alternating pas- 
sage method to achieve the same object. The 
difference in results obtained by various 
investigators could be due to the tact that 
different breeds of test animals or different 
strains of virus may have been employed. 

Stmt III ary. Hog cholera virus has been car- 
ried for 12 consecutive passages in rabbits 
b\' using infected rabbit spleen as transfer 
material. Starting from the Sth rabbit spleen 
passage, the virus was passed back to a pig 
for one passage and was then carried for S 
further passages in rabbits by using infected 
rabbit blood as transfer material. Aside from 
a febrile response, no other symptoms were 
obser\'ed in inoculated rabbits. 

H Edwards, J. T.. Beport of the Intperi.al Bac- 
teriologic.a! Laboratory, 3tuktesar, India, for the 
2 years ending Marcli 1924, p. 32. 
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Serial Passage of Hog Cholera Virus in Rabbits. 

James A. Baker. (Introduced by Carl TenBroeck.) 
front the BciJortmcat of Attinwl and Plant Pathology. The Pochefeller for Hedlcal 

Sesearch, Princeton, XH. 


Successful adaptation of rinderpest virus of 
^Ulc to the rabbiri naturally led to similar 
t^eriments with hog cholera virus since both 
of these agents are quite specific for their 
halural hosts. In the original work on rinder- 
pest allernale transfer of virus from its nat- 
ural host to the rabbit and then back to the 
^5f was the procedure that made for success, 
u ith this alternating technic virulence of the 
rinderpest virus for the rabbit increased pro- 
gressively and, following this increase, evidence 
ui dbe^e was found in the rabbit. The re- 
sults of the e.Nperiments on hog cholera virus 
loliow. 

‘Baker, J. A., Am. J. Pet. Sesearch, 194ti, 7, 179. 


Virtis Strains Used. Strain A was obtained 
through the courtesy of Dr. TenBroeck- and, 
as repirted by him, it was one used for vac- 
cination in the central portion of the United 
States. In his work this strain was grown 
in the presence of fresh minced swine testicle 
on the chorioallantoic membrane of em- 
bryonated eggs for 13 transfers, followed by 
an equal number of transfers on agar, making 
26 transfers in all. From the last transfer 
Ivophilized material was kept from .April 5, 
1941 until March 24, 1945 when it was in- 
jected into a pig. For further preseivalion 
spleen from this animal was kept frozen with 

2 TeuBroock. C„ .T. Exp. Med., 1941, 7-4, 427. 
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typical temperature curve of a rabbit injected 
with the 8th rabbit passage spleen-virus is 
shown in Fig. 1. 

Proof for Identity of the Virus. A pig in- 
j'ected with the 6th rabbit passage virus re- 
acted with a 6-day febrile period but sur- 
vived, and was subsequently placed in con- 
tact with 2 pigs which sickened, following 
inj'ection with the original hog strain of 
Lederle blood virus. These animals were kept 
in an uncleaned pen with 2 normal contact 
control pigs. The 2 animals injected with 
the hog strain of the virus died and the 2 
control swine showed fever after 5 and 6 days 
of contact respectively, and subsequently died 
on the 12th and i9th days. On autopsy, 
typical lesions of hog cholera were observed 
in the dead swine whereas the pig, injected 
with the 6th rabbit passage virus, remained 
asymptomatic during the entire 30-day ob- 
servation period. On the 34th day this pig 
was injected with 2 ml of a 1:100 dilution 
of swine blood infected with hog cholera virus 
(Lederle stock strain). Normal swine in- 
jected simultaneously came down with typical 
symptoms of hog cholera whereas the pig 
which was previously injected with the 6th 
rabbit passage virus remained afebrile and 
symptom-free during the whole observation 
period. 

Swine injected with the 8th and 9th rabbit 
passage spleen- virus (Table I), were autop- 
sied after death and typical lesions of hog 
cholera were observed. 

Propagation of the Virus in Rabbits by In- 
jections of Infectious Blood. A pig injected 
with a spleen suspension of the 8th rabbit 
passage virus was bled when febrile on the 
Sth day after inoculation and 2 ml of its 
defibrinated blood were injected into the ear 
vein of a rabbit. The rabbit became febrile 
(105.4°F) 20 hours after inoculation at which 
time 20 ml of blood were taken by heart 
puncture. The blood was defibrinated and 
2 ml were injected intravenously into each 
of 3 rabbits. Two of the animals be- 
came febrile and their blood was passed to 
another group of rabbits. By means of this 
technic the virus has been propagated for 8 
passages in rabbits. The data are summarized 
in Fig. 2. It may be observed that not all 


rabbits inoculated with the infected blood 
reacted with fever. However, in the later 
passages more animals showed a febrile reac- 
tion, ‘and the temperature peaks reached high- 
er levels and persisted for longer periods than 
in those rabbits inoculated with the spleen- 
passage virus, although in the latter case it 
was difficult to ascertain how long the febrile 
period lasted because the animals were sac- 
rificed immediately after the supposed peaks 
of fever were reached. 

In Fig. 3 are shown temperature curves of 
rabbits inoculated respectively with the 6th 
and 7th rabbit blood-passage virus. It may 
be observed that the temperature of the rab- 
bit inoculated with the 6th passage virus 
started to rise between the 68th and 70th 
hour after inoculation, reached its peak on 
the 74th hour when the animal was bled and 
remained above normal for 16 hours. Blood 
of this rabbit produced a typical clinical pic- 
ture of hog cholera in an inoculated pig which 
died on the 13th day after inoculation. On 
the other hand, the temperature curve of the 
rabbit injected with the 7th rabbit blood pas- 
sage virus followed a slightly different course. 
A temperature of 105.0° was reached on the 
50th hour after inoculation when the animal 
was bled. Then the temperature curve dropped 
rather suddenly and remained at a 103.2° 
level during 2 hours, returning back to a 
105.4° level at the 56th hour after inocula- 
tion. During the ne.\t 26 hours the tempera- 
ture was either at a subfebrile (103.8°) level 
or at a febrile level (105.8°), returning back 
to normal at the 94th hour after inoculation 
and remaining normal until the end of the 
observation period. Blood of this rabbit in- 
jected into a pig again produced a clinical 
picture of hog cholera. Up to now, no symp- 
toms other than a febrile response were ob- 
served in rabbits injected with the rabbit 
blood-passage virus. 

Discussion. The data presented above in- 
dicate that hog cholera virus has been suc- 
cessfully passed through several generations 
in rabbits by the use of an alternating pas- 
sage method. However, it was apparently 
also essential to take temperatures of the 
rabbits frequently day and night during the 
entire observation period — and to make pas- 
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Day^i a£tcr inoculation. 




Days after inoculation 

ITa. 1. 


Thermal reaction in pigs given liog cholera virus (strain A) not transferred in rabbits and 
from the IGth serial passage. 


Strain B. In the first passage O.l g of the 
rabbit spleen infected pigs but 0.01 g did 
not. Transfer to a second rabbit failed, since 
0.1 g of this spleen did not infect a pig. The 
alternating technic described briefly above 
and more fully in the rinderpest paper' was 


then attempted. ;\s Table II shows, swine 
were infected with 0.1 but not with O.OI g 
of spleen from rabbits in the first 3 alternat- 
ing parages. In no case was the virus de- 
tected in the 2nd consecutive rabbit passage. 
.After the 4th and 5th alternation, 0.01 g of 
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TABLE I. 


Effect oa Swine of Hog Cholera Virus (Strain A) Before and After Serial Passage in the Babbit. 


No. o£ serial 
transfers 
in rabbits 

Swine 



Sesults in sniiie 


Incubation 

period, 

days 

Duration 
of fever, 
days 

Highest 

temp., 

°C 

Outcome 
of illness 

■, 

Eeaction to 
injection of 
virulent vinu 

No. 

Wt,lb 

0 

1 

37 

3 

9 

41.0 

Died 


0 

22 

27 

3 

11 

41.5 

3t 


0 

29 

30 

3 

10 

41.3 

n 


0 

37 

24 

3 

11 

41.8 

J3 


0 

40 

21 

3 

S 

41.5 

3 3 


5 (a)* 

S 

80 

3 


41.5 

Killed 


3 (b) 

11 

70 

3 


41,2 

3 3 


10 (b) 

13 

70 

i 

0 

39.3 

Survived 

Immune 

10 (b) 

20 

25 

? 

0 

39.7 

33 


10 (a) 

27 

30 

3 

4 

41,3 



15 (b) 

42 

32 

0 

2 

40,0 

3 3 


15 (a.) 

43 

30 

4 

3 

40.6 




* (a) indicates first group of serial passages; (b) second group of serial passages. 


dry ice until January 2, 1946 when this work 
began. 

Strain B was obtained through the courtesy 
of Dr. Shope. This strain was recovered by 
him from a natural outbreak May 26, 1944 
and was subsequently carried through 5 trans- 
fers in swine. In interim periods between 
transfers the virus was kept as infected blood 


in a refrigerator. 

Rabbits Used. The rabbits used were from 
mongrel stock, largely Polish-Dutch, from 3 
to 5 months old weighing 1500 to 2500 g. 

Procedure Used. Each of 2 rabbits was 
inoculated intravenously with 1 cc of a lOfc 
suspension of spleen obtained from an infected 
pi<. at the height of Ulness. The rabbits were 
kiUed after 5 days and a portion of spleen 
from each was used for making another 10% 
suspension. Two rabbits were given 1 cc 
each of this suspension and injections of the 
same suspension were made into swine to 
determine the amount of virus present. Spleen 
tissue was also frozen in COe and was availa- 
ble for retest if necessary. Tests for con- 
taminating organisms made on blood agar 
slants and sealed meat medium showed occa- 
sional cocci from a few of the pig spleens. 
Suspensions of rabbit spleens showed no 
growth. Temperatures were taken and ob- 
servations made on the >^^bbits and mvine m 
the morning and evening. Swine that died 
Tere autopsied and the diagnosis was made 
itip findin® of typical lesions. Any am- 
Zls that sutvVd we,« ranocalated .vilh at 


least 100 times the infective dose and a con- 
trol animal injected with the same virus was 
kept in the same room until its death. If 
the surviving animal showed no signs of ill- 
ness from this test injection and exposure 
period, it was evident that hog cholera virus 
had been present in the material used for the 
first inoculation. 

Results. Strain A. Test of the spleen sus- 
pension of the first rabbit passage showed 
that 0.01 g of tissue would infect swine, 
whereas 0.001 g would not. The spleen sus- 
pension of the 2nd and subsequent rabbit 
passages was not titrated, but 0.1 g contained 
virus, as shown by swine inoculation on the 
2nd, 5th, 10th, and ISth passages. These 
results were repeated in a similar series us- 
ing as starting material spleen from a differ- 
ent pig and the composite results are shown 
in Table I. 

As Table I shows, strain A was twice passed 
serially through rabbits for IS transfers. There 
was noted a decrease in virulence for swine, 
as rabbit spleen suspensions from the lOth 
and 15th serial passages injected intramus- 
cularly produced fever of short duration as 
the only sign of illness (Table I and 
Fig. 1). This was followed by complete im- 
munity to an intramuscular injection of 100 
times the amount of fully virulent hog cholera 
virus that produced death in a control ani- 
mal kept in the same room. Virus attenuated 
in this way by serial passage in rabbite mai 
make a practical and ine.xpensive vaccine. 
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Days after inoculation 
ITo. I. 

Thermnl roaetioii in piss given iiog clioleni virus (strain A) not trausferrca in raBbits and 
from the 15tl> serial passage. 

Strain B. In the first piissage 0.1 g of the then attempted. .Vs Table II shows, swine 
rabbit spleen infected pigs but O.Ol g did were infected with 0.1 but not with 0.01 g 
not. Transfer to a second rabbit failed, since of spleen from rabbits in the first 3 altemat- 
0.1 g of this spleen did not infect a pig. The ing passages. In no case was the virus de- 
allernating technic described briefly above tccted in the 2nd consecutive rabbit passage, 
and more fully in the rinderpest paper^ was After the 4th and 5lh alternation^ 0.01 g of 
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TjIble n. 


Hog Cholera Virus (Strain B) Alternated Between Siviao and Sabbita, 


Alternating passage 
in sn'hie 

Serial passage 
in rabbits 

Teat of rabbit spleen for virus 
by swine injection 

Amt (g) 

— ^ 

^Result 

1st 

1 

0.1 

+* 



0,01 

— 


O 

0.1 

— 

2n<l 

1 

0.1 




0.01 

— 


2 

0.1 

— 

3r(I 

1 

0.1 

+ 



0.01 

— 


2 

0.1 

— 

4tli 

1 

0.01 




0.001 

— 


2 

0.1 

— 

5tl) 

1 

0.01 

+ 



0.001 

■ — 


2 

0.1 

— 

6tU 

1 

0.001 




0.0001 

— 


2 

0.1 

+ 


3 

0.1 

— 

7th 

1 

0.001 

+ 



O.OOQl 

— 


2 

f 



3 

0.1 

— * 

Sth 

1 

O.Ofll 

-f 



0.0001 

- — 


2 

t 



3 

0,1 



* 4- iiidicatea virus present; — , no virus, 
t Not tested. 


Spleen then infected swine. Again no virus 
was detected in the 2nd consecutive rabbit 
passage. After the 6th, 7th, and 8th alterna- 
tion, 0.001 g then infected swine. With this 
last increase of virus in the rabbit, transfer 
was successful for 2 but not 3 serial rabbit 
passages. 


Swine inoculated with infective spleen sus- 
pensions from rabbits in the 1st, 2nd, and 
3rd alternating passages showed an incuba- 
tion period of 3 days while a time interval 
of 4 to 7 days between injections and ap- 
pearance of fever was noted in those given a 
similar amount of virus from subsequent al- 
ternating passages. It seems evident, there- 
fore that adaptation of strain B for rabbits 
was’ caused by alternating the virus between 
swine and rabbits. 


Effect of Hog Cholera Virus on Rabbits. 
None of the rabbits inoculated with either 
strain A or B showed any temperature eleva- 
tion in early passages. In later passages a 
slightly increased temperature was noted in 
some animals inoculated with either strain 
but temperatures exceeding 40°C seldom oc- 
curred. No other signs of illness were noted. 
None of the animals upon autopsy showed 
lesions referable to hog cholera. 

Discussion. A review by Muir® of the 
divergent results obtained by others in trans- 
fers of hog cholera virus to animals other 
than swine would suggest that some strains 
are adaptable while others are not. The 
complete adaptation to rabbits of strain A 

~Tyufh^(X,7. CofnpTPath^ and Therap., 19i0- 
1943, 53, 237. 
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and incomplete adaptation of strain B in our 
work would support this idea. Also, adapta- 
tion of yellow fever by Theiler and Smith,'* 
dengue by Sabin and Schlesinger,® and per- 
haps other viruses to animals has not been 
obtained regularly. 

The fact that strain A had been kept under 
laboratory conditions for a long period and 
had been cultured outside the body of swine 
may have influenced its adaptability to the 
rabbit, although it is possible that strain A 
was naturally more adaptable. On the other 
hand, strain B had been isolated recently. 
It showed poor adaptability and required 6 
alternating passages before virus increase oc- 
curred in the rabbit spleens and it could be 
transferred consecutively in the rabbit. 

Since neither strain A nor B produces def- 
inite signs of illness in rabbits, a study of 
other strains and perhaps in other laboratory 
animals should be made especially fay the al- 
ternating method which, as was shown with 


•‘TIicilDr, it., uiid Smith, II. U., J. Exp. Med., 
i»37, «o, 7G7. 

j Sabin, A. 15., luid Schlcsiuger, E. W., Sficiife, 
tot, GIO. 


Strain B and rinderpest, allows opportunity 
for development of any latent pathogenic 
potentiality. Such a study may give results 
similar to those obtained with rinderpest and 
supply the laboratory animal that has been 
needed in hog cholera research. 

Summary. Two strains of hog cholera virus 
were inoculated into rabbits. One strain 
(.A) continued in serial passage, became at- 
tenuated for swine and, after 15 rabbit pas- 
sages, produced a febrile reaction of short 
duration as the only sign of illness. This 
attenuated strain fully immunized swine to 
the virulent hog cholera virus. The other 
strain (B) was present in rabbits for I but 
not 2 consecutive passages. With 6 con- 
tinued transfers alternately between swine and 
rabbits, the amount of virus in the rabbit’s 
spleen attained 100 times that found in the 
initial rabbit transfer. Serial passage in the 
rabbit was then successful for 2 but not 3 
transfers. Evidence of attenuation of this 
strain was the lengthened incubation period 
in swine inoculated with the rabbit-passed 
material. Possible explanations for the dif- 
ference in adaptability of these strains are 
discussed. 
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Antihistaminic Substances in Histamine Poisoning and Anaphylaxic 

of Mice. 


Rudolf L. Mayek and 

Trom the Scsearch 

The conditions under which mice can be 
jensitized and the manifestations of sensitiza- 
tion in mice closely simulate those of anaphyl- 
a.\is in guinea pigs and other animals (Braun,* 
Schultz and jordanr Ritz.^ Sarnowski,* 
liourden,'' Weiser, Golub and Hamre'*). Active 
Sensitizations can be produced with various 
protein substances, horse, .sheep, cow. guinea 

t Brami, H., Miierh. med. IM>r.. IGOil.U", ISsO; 
't- Immuiif., lOm, t. .'iGG. 

■r iii-lmltz, W. H.. ;>H>1 .lortlaii, II. E.. J. I’hunn, 
■iiiG Kx}>. r/u ruji., IfU. G7.'>- 
ritiiz, H.. /■ /wjiinii/- !>. .a:.'!. 


(Introduced by F. F. Yonkman.) 
ProrIiic{«, /»c., Snmmiif S.J, 

pig serum, or egg white; passive sensitizations 
with immune rabbit serum, antihorse guinea 
pig serum, antihorse rabbit serum, antipneu- 
mococcus Type I rabbit serum, etc. The 
sensitizations are specific and their duration 
varies from several weeks to several months. 
Refractoriness occurs after recovery from 
shock and active desensitizalion is obtained by 

‘ S:ini0\v:.ki, V., E. imMuiif., lUl.'i, 17, 577. 
tSuurildii, K. I,., I’EOc. t-oc, Exi’. lliou .\nd 
Mwi., ittsT, ;tu, aio. 

li. S., Oulub, O. .1., ami Hanir.-, 1). M., 
J. Inf. liUl, (WH, 07. 


Dorothy Broussfmu, 

Jaiboniloi'if.'!, CiGii Pluirmaciiitwit 
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the usual desensitization methods. Specific 
precipitins are formed in mice actively sensi- 
tized against egg white with a titer varying 
from 1:100 to 1:400. 

From all these facts it has been concluded 
that the “protein shock” in mice is a true 
anaphyla.xis; they fulfill indeed Doerr’s" 
criteria of allergy. 

The mechanism which ultimately leads to 
the various anaphylactic manifestations in the 
different animal species is certainly not the 
same. The tissue which becomes the princi- 
pal site of sensitization in guinea pigs is that 
of the lungs; in rabbits, that of the vascular 
system; in dogs, that of the liver; etc. The 
site of sensitization in mice is unknown. 

The similarity of the symptoms of ana- 
phylactic shock in guinea pigs or dogs to those 
of histamine poisoning was first recognized 
by Dale and Laidlaw.® The significant in- 
creases of the histamine level in the blood 
during anaphylactic shock in guinea pigs and 
dogs are strong support for the “histamine 
theory” of anaphylaxis. It is today common- 
ly accepted that at least in these animal 
species the antigen-antibody reaction leads 
to a liberation of histamine or a histamine- 
like substance, which is the ultimate cause 
of the anaphylactic shock. These findings 
have been interpreted in a more general way, 
and histamine is considered to be the princi- 
pal offender in all cases where antigen-anti- 
body reactions in allergy lead to anaphylactic 
symptoms or to reactions of a similar nature. 

However, objections have been raised 
against such a generalization. For instance, 
unlike anaphylaxis in guinea pigs and dogs, 
the histamine blood level decreases in ana- 
phylaxis of rabbits, horses and calves (Code 
and Hester,® Rose and WeiF®). The connec- 
tion between allergic manifestations and his- 
tamine is especially debatable in mouse ana- 
phylaxis. Whereas the very small dose 
of 0.6-0.8 mg per kg body weight of 
intravenously-injected histamine phosphate 

T Doerr, B., Arch. f. Vennat., 1926, 151, 3. 
SDalc, H., and Laidl.iw, P„ J. Physiol., 1911, 
13, 1S2. 

9 Code, C. F., and Hester, H. B., J. Physiol., 
1939, 137, 71. 

10 Hose, B., Braun, H., and tVeil, P., Pkoc. .Soc. 
Esp. Biol, .ixd Med., 1939, 13, 191, 


kills guinea pigs almost instantly, mice are 
very resistant to histamine, and many ani- 
mals survive the intravenous injection of SOO 
mg per kg body weight. In our own e.xperi- 
ments, the dose of 750 mg per kg body weight 
was lethal in all cases. According to these 
figures, the mouse is about 1,000 times more 
resistant to histamine than the guinea pig. 

The histamine content of the normal mouse 
averages about 10 mg of histamine per kg 
body weight Since mice present the first 
signs of histamine shock only when 100 mg 
or more of free base are injected, it is rather 
improbable that histamine is involved in ana- 
phylactic shock in mice. 

In an endeavor to study this question a 
new approach was used, which was made pos- 
sible by the recent introduction of the so- 
called antihistaminic substances supposed to 
counteract histamine specifically, and con- 
sidered by many investigators as biologic 
reagents for histamine. It was of interest to 
investigate whether histamine poisoning in 
mice and mouse anaphylaxis responded to 
these antihistaminic substances in the same 
way as anaphylaxis of the guinea pig and the 
dog. 

Experimental, /. Injluence of AutUihta- 
mink Substances Upon Histamine Poisoning 
in Mice. Since the to.xicity of histamine for 
mice depends largely upon the concentration 
of histamine and the rajiidity of injection, 
I Jo solutions of histamine phosphate were 
uniformly used in all experiments; the solu- 
tions were injected at the rate of I ml per 
minute. Under these conditions SOO rag of 
histamine phosphate per kg body weight killed 
50% of the mice; 375 mg per kg, 44%. 
250 mg per kg body weight occasionally pro- 
duced a brief period of muscular incoordina- 
tion and convulsions, but after a few minutes 
almost all animals regained their normal state. 

If antihistaminic substances such as Py- 
ribenzamine* or Benadryl f were given in sub- 
cutaneous injections of 10 or 25 mg per kg 
body weight 15 minutes before the histamine 
injection, the toxicity of histamine was not 

* Trade uaniu for N’-pyridyl-N'-benzyl-N- 
dimetliyl ethylene diamine moiiohydrocldoride 

(Ciba). 

t Trade name for dimethyl amino ethyl beU 2 - 
Itvdryl ctlun- hydrmddorido (Parke, Pavi.^ & Go.). 
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T.VBLE I. 

Toxicity for >lice of Histamine Pliosiiliate Aioiie and in Combination with “ Autibistaminie 

Substances.” 


Histamine doses 
ing/kg 

i.v. 

Ho antiliistaminic 
substance 

Pyribenzamine 

Benadryl 

10 ing/kg 

25 mg/kg 

<i 

10 mg/kg 

25 m^/kg 

750 

10/10* 

3^3 


6/6 


500 

10/20 

11/11 

11/11 

10/12 

14/14 

375 

10/23 

9/11 

16/16 

11/12 

10/10 

250 

1/13 

3/8 

11/15 

0/5 

0/5 


Histamine pbospliate, 2% solutions, intravenous injection, 1 ml jier minute. 

Pyribenzamiue and Benadryl given 15 minutes before histamine by suheutancous injection. 
* Denotes animals dead/animals tested. 


decreased, as is usually the case with guinea 
pigs or dogs, but, on the contrary, was strong- 
ly enhanced. Histamine phosphate alone in 
a dose of 375 mg per kg body weight was 
lethal for 10 out of 23 mice (43%). In 
combination with 25 mg per kg Pyribenzamine, 
the same dose of 375 mg of histamine killed 
16 out of 16 mice (100%) and in combina- 
tion with 25 mg per kg Benadryl, 10 out of 
10 mice (100%). A similar significant in- 
crease in to.xicity occurred with a combination 
of 500 mg per kg histamine phosphate with 
-3 mg per kg Pyribenzamine or Benadryl 
(from 50% mortality in controls, to 100% 
with either substance). The dose of 25 mg 
per kg Pyribenzamine, or Benadryl is nonto.xic 
for mice. 

The results (shown in Table I) indicate 
that the increase in to.xicity of histamine is 
proportional to the dose of Pyribenzamine or 
Benadryl previously injected. These surpris- 
ing results indicate that Pyribenzamine or 
Benadryl, which strongly and specifically 
counteract and neutra.izs histamine in 
guinea pigs and dogs, are definite synergists 
of histamine in mice. 

If. hijhicncc oj Pyribciicamiitc Upon Active 
■ Anaphylaxis in Mice. The picture of a fully 
developed mouse anaphyla.xLs is the following; 
Hye to 10 minutes after the shocking dose is 
injected, the animals show some e.xcitenient. 
jint rapidly become quiet, .^fter a short lime, 
increasing difficulty in breathing develops. 
1 his state is followed by loss of coordin.ition. 
and about 20 minutes later a progressive 
paralysis of the body starts, beginning with 
•lie hind legs. In those instances in which 
•he animal dies, this paralytic state is .soon 


succeeded by a short period of violent con- 
vulsions and coma, in which the animals 
succumb in about half an hour. The entire 
sequence is sometimes over in 15 minutes, 
but may last an hour or more. The symp- 
toms are quite similar to those seen in ana- 
phylaxis in guinea pigs, rabbits, or dogs — 
they merely extend over a much longer period 
of time. 

210 mice were sensitized, in 2 separate 
groups, by 4 consecutive intraperitoneal in- 
jections of 1 ml each of undiluted horse serum 
every other day. Twenty-one days later a 
challenging dose of 1 ml of undiluted horse 
serum, warmed to 37 ^C, was injected intra- 
venously into 169 mice still alive at that time. 
Preliminary’^ e.xperiments had shown that this 
amount, representing in sensitized mice about 
2 shocking doses, did not affect normal mice. 

Fifty’-eight out of the 169 surviving sensi- 
tized mice served as controls and received 
the challenging injection without any other 
treatment. .411 of them went into severe 
shock with a mortality of 89%. The other 
111 mice were divided into 4 groups of 20 
to 30 animals each and received subcutaneous 
injections of Pyribenzamine in doses of 10, 
25, 30 or 50 mg per kg body weight respective- 
ly, 15 minutes before the challenging dose of 
horse serum was injected intravenously. The 
challeng.ng injection of horse serum produced 
in animals, without exception, the de- 
pressive stage of shock with varying degrees 
of prostration. Nevertheless, about one-half 
of the mice treated with 10 to 30 mg of 
Pyribenzamine remained free from convul- 
sions and recovered. Thus, the morbidity pic- 
ture, compared to the controls, was somewhat 
improved and the mortality rale (iefiiiitely 
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TABLE n. 


Effect oi Pyribenzamine npon Mouse Anapliylasis. 



Controls 

No treatment 

Treatment with Pyribenzamine (mg/kg) 


10 

25 

30 

50 ' 

No. of animals dead in shock over 
No. of animals used 

53/58 

18/29 

13/31 

12/24 

19/27 

% of deaths in shack 

89% 

65% 

42% 

50% 

70% 


decreased. In contrast to a mortality rate of 
89% for the controls, only 65% of the mice 
pretreated with 10 mg of Pyribenzamine per 
kg body weight died (18 out of 29) ; 42% of 
those pretreated with 25 mg of Pyribenzamine 
(13 out of 31); 50% after pretreatment with 
30 mg Of Pyribenzamine (12 out of 24) ; and 
70% after pretreatment rvith 50 mg of Py- 
ribenzamine. This last dose of Pyribenza- 
mine is definitely toxic for mice and it is 
probable that a number of the deaths included 
in the 70% are due to Pyribenzamine. (LDgo 
of Pyribenzamine by subcutaneous injection 
for mice is 75 mg per kg body weight). 
Table II shows the results obtained. 

It is significant that in no case was com- 
plete freedom of all shock symptoms ever ob- 
tained, even with high doses of Pyribenzamine, 
although significant protection against convul- 
sions and death was afforded. In any event, 
protection conferred on the sensitized mice 
was much less spectacular, as compared to 
the certainly more complete protection ob- 
tained in sensitized guinea pigs with doses of 
Pyribenzamine only 1/50 as great. 

Discussion. It has often been suggested 
that a positive correlation e.xists between a 
species sensitivity to histamine and the ease 
with which one may induce anaphylaxis in 
this species. Indeed, guinea pigs, dogs, rab- 
bits, or man which are highly sensitive to 
histamine, become sensitized quite easily. In 
these same species, Pyribenzamine and other 
antihistaminic substances have been shown to 
be most powerful antagonists of histamine. 


n Dekanski, J., J. PJiysiol, 1945, 104, 151. 

12 Mayer, K. L., Huttrer, C. P., and Scholz, C. K., 
Scieme, 1945, 103, 93; Fed. Proo., 1945, 4, 129. 

IS Mayer, E. L., J. Allergy, 1946, 17, 153. 
MYonkman. E. P., Hays, H. W., and Bemffck, 


B., Fed. Proc., 1945, 4, 144. 

isArbesman, C. E., Koepf, G- E-> 
G. B., /. Allergy, 1946, 17, 203, 


and Miller, 


as well as of anaphyla.xis (Dekanski,^' lilayer, 
Huttrer and Scholz,^- Alayer,*® Yonkman, 
Hays and Rennick,i* Arbesman, Koepf and 
Miller«). 

In vitro, small doses of Pyribenzamine pre- 
vent several typical histamine effects on iso- 
lated guinea pig intestines, uterus, or lungs; 
in vivo, 5 mg per kg protect guinea pigs 
against 100 and more lethal doses of hista- 
mine. Anaphylactic shock in guinea pigs 
can be prevented by doses as small as 0.1 
to 0.5 mg per kg body weight; somewhat 
higher doses are active against histamine 
poisoning or anaphylactic shock of dogs (3- 
3.5 mg per kg body weight). 

Contrary to guinea pigs and dogs, the 
mouse is highly resistant to histamine; it 
tolerates about 1,000 times more histamine 
than the guinea pig. Correspondingly,^ the 
mouse is very resistant to any sensitizing 
procedures. 

A similar difference e.xisted in the response 
to antihistaminic substances. Pyribenzamine 
and Benadryl not only failed to protect mice 
from histamine poisoning, but definitely acted 
as synergists to histamine. After an injection 
of 25 mg per kg body weight of Pyriben- 
zamine, for instance, the toxicity of histamine 
in mice was doubled. 

That the antihistaminic substances act 
quite differently in mice than they do m 
guinea pigs seems not to be a fortuitous oc 
currence, but rather seems to be in agreement 
with the theory that antihistaminic substances 
are competitors of histamine. 

An analysis of the general and quite un 
characteristic picture of histamine 

poisoning in mice does n, uy ansne. 

to the question of whethe 
mice in the same mannw 
same organs and by ider 
in guinea pigs and dogs; 

protection by antihistan,- ■ 
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case of histamine poisoning of mice seems to 
indicate that different mechanisms are in- 
volved. On the other hand, the synergism of 
histamine and “antihistaminic” substances can- 
not be e.\plained by a possible histamine-like 
activity of these “antihistaminic substances.” 
There is no such action in mice. We rather con- 
clude that in the mouse, histamine affects 
organ systems other than those affected in 
histamine-sensitive animals, and that in these 
points of attack, antihistaminic substances 
are unable to compete with histamine. On 
the contrary, each poison acts on its own, 
both to.xicities being additive in effect. 

It seems quite inconsistent with the 
synergistic action of histamine and Pyriben- 
zamine that the latter should have a certain 
protective action in mouse anaphylaxis. The 
very fact that Pyribenzamine in the mouse 
does not act as an antihistaminic agent, leads 
to the belief that this “protection” against 
mice anaphylaxis is not due to a specific 
antianaphylactic effect, comparable to that 
which Pyribenzamine exercises in anaphylaxis 
of guinea pigs or dogs. It is rather probable 
that some pharmacologic properties of Pyri- 
henzamine other than its antihistaminic pow- 
er are responsible for this protection. It 
may be that it acts here through its local an- 
esthetic power, since it is known that general 


anesthetics, as well as local anesthetics, have 
a definite influence upon anaphyla.xis (Wolf- 
sohn'®). The same problem has been dis- 
cussed in a study concerning the influence 
of Pyribenzamine upon contact dermatitis in 
guinea pigs (Mayer^"). Other e.\-periments 
by Yonkman, Hays, Chess and Rennick’"* 
seem to indicate that the general pharmacolog- 
ical activity of an antihistaminic agent such as 
Pyribenzamine may well include other prop- 
erties than those associated with antihis- 
taminic power. 

Further experiments are necessary to cor- 
relate allergy in mice with that of other ani- 
mals and to identify the “anaphylactic 
poison” of mouse anaphylaxis, which quite 
probably is not histamine. 

Conclusions. (1) “.Antihistaminic sub- 
stances” act as synergists in the histamine 
poisoning of the mouse; (2) contrary to the 
action on histamine poisoning, a certain pro- 
tective power in mouse anaphylaxis has been 
observed; (3) the possible conclusions fol- 
lowing from these observations are discussed. 

i<5 Wolfsolm, G., The Patcstiiic and A' car Kosl 
Jlcd. J., lOU, 3, 11. 

1" M.i.vcr, B. L., Ann. Allcray, iu press. 

18 Yonkman, P. P., Hays, H. W., Chess, 1)., 
and Bcnniek, B., 3. Pharm. niul Exp. Therap., in 
press. 
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Concentration and Properties of the Adrenocorticotrophic Substance in 

Female Human Urine. 


Martin B. Wileiamson. (Introduced by F. W. Bernhart.) 

■With the technical assistance of Sylvia Kaufman and Lois Henneberger. 
From the IFycth Institute of Applied Biochenii.Anj. Philadelphia, Pa. 


-Aclrenocorticotrophin has been demonstrat- 
ed to be present in the blood serum' and in 
the anterior pituitary gland. Its possible 
presence in the urine has been suggested by 
the effects of injecting urine from pregnant- 

' (iolla, it. L., .ind Reiss, M., 3. Enducrinolnii;i, 
iwi:. 3, 5. 

-do liois.iczoii, P., Bull, hi.dol. appHip physiol., 
t93ii, l;j, 129. 

“BlumciiUml, TI. T., 3. Lab. Cliu. Mtd., 1015. 


and nonpregnanF women on the adrenal 
cortex of young guinea pigs. Xo attempt has 
been made to identify the substance which 
may have caused the adrenal hyperplasia. 
Since the corpus luteum hormone® and es- 
trogens'-® can induce hyperplasia of the 

30. 12S. 

i 3;incs, 11. G., .-lud Xcl.-on, W. O., .1 m. 3. FUy.~\‘d.. 
1910, 13tt, 130. 

VotilUi. U. Y., Emlocrinoloyy, 1910, 30, 123. 
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Tile Jjfffct of Female Urine 
Starting 

Kxp. No. of ivt of rats 

No, rats g 

I 12 ~lag 

o 49.6 

12 50.8 

fl 7 40.7 

7 40.7 

7 40.9 

HI 7 37.3 

7 39.0 

6 38.3 


TABLE I 

and yraetious Thereof on the Hypertropliy of Young Maio Rat Adrcaals. 


ifaterial tested 

7' roa/i whole faiutlc uriuc — 0,5 cc iiitraperi- 
toiiealljr, twice daily for 4 days 
])utlysate of nhovo urine — Administered as 
above 

Control — isotonic saline as above 

Cone, whole urine (2,5:1) — ,0,5 ec intraperi- 
toHcallj', twice daily for 4 days 
Acetone ppt. of dialyecd urine (Prep, W-1)— 
6 mg daily, administered as above 
Control— isotonic saline (pH 7,7) 

Cone, whole urine — 0.5 ce intrajicritoncally, 
twice daily for 4 days 

^IcftoHc ppt. of dialysed urine (Prep. W-2)— 
0 mg daily, administered as above 
Control — isotonic saline (pH 7.7) 


Adrenal 
wt, mg 

Mg adrenal 
per 100 g 
body wt 

19.5 

36.1 

19.S 

35.6 

11.2 

17.8 

12,6 

24,5 

14.6 

29.3 

8.0 

15.4 

lO.S 

27.1 

14.6 

31.1 

8.4 

17.3 


adrenal cortex, the possibility that the cortical 
hyperplasia might be due to the se.x hormones 
found in the urine has not been eliminated. 

In this paper, we present evidence that 
the adrenocorticotrophic activity of human 
urine does not depend on the ovarian hor- 
mones and that it is probably due to a 
protein which may be the excretory form of 
pituitary adrenocorticotrophin. 

Experimental. Freshly voided human fe- 
male urine, dialyzed urine and precipitated 
urinary proteins were tested for adreno- 
corticotrophic activity in white rats by the 
methods of Moon® and Sayers, et for 
pituitary adrenocorticotrophins. 

Young male rats (23-30 days old) were in- 
jected intraperitoneally twice daily for 4 days, 
with O.S cc portions of urine which had been 
voided and filtered within the previous hour. 
The urine was obtained by pooling the out- 
put of S nonpregnant nonmenstruating young 
women. The control rats received isotonic 
saline solution at the same time. After the 
e.vperimental period, the rats were sacrificed 
and the adrenals removed and weighed. The 
results of this experiment (I) are shown in 


« Moon, H. D., Pboc, Soc. Exp. Biol, and Med., 
1937, 35, 649. 

7 Sayers, G. II., Liang, T. Y., and Long, C. N. H., 
Endocrinology, 1946, 38, 1. 

8 Saycr, II., and Sayers, G., Froe. Fed. Am. Soc. 
Exp. Biol; 1940, 5, 200. 


Table I. The greater adrenal weight of the 
experimental rats over that of the controls 
indicates the presence of adrenocorticotrophic 
activity in the urine, confirming previous 
observations.® 

A sample of urine was dialyzed for 24 hours 
at 0® to remove the greatest portion of the 
estrogens present. When the dialyzed urine 
was tested as in the above experiment, similar 
results were obtained (Table I, Exp. I). 
This e.xperiment indicates that the urinary 
estrogens are not the causative agents for the 
adrenal hypertrophy. 

In order to have a standard supply of 
urinary adrenocorticotrophin on hand, a con- 
centrate of female urine was made in the fol- 
lowing manner. Freshly voided urine was 
filtered and dialyzed with agitation against 
20 volumes of distilled water at 0^ for 24 
hours. The dialysis was repeated with an- 
other 20 volumes of fresh distilled water. The 
dialyzed urine was then concentrated to ap- 
proximately yi volume by pervaporation un- 
der toluene. To the concentrated urine S-6 
volumes of acetone were added and the mix- 
ture kept in the cold room for 4S hours. 
The precipitate was centrifuged, washed twice 
with acetone and dried over PbOs. A pooled 
sample of 2.S 1. of urine yielded SOS mg of 
a light gray powder which gave a strong 
biuret test and contained 7.34% nitrogen 
(microkjeldahl, Prep. W-I), When another 
1 liter sample of urine was put through this 
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TABLE n. 

Effect of Female TTrine and Eraetiona Thereof on Adrenal Ascorbic Acid of Young Male Eats. 


No. of 
rats 

Bat 
wt, g 

Material tested 

Ascorbic 
acid per 
adrenal 

y-g 

Mg ascorbic 
acid per 100 
g adrenal 

5 

40.2 

Fresh whole urine — 2.0 ce 

16.9 

277 

5 

44.G 

Acetone ppt. of dialyzed urine (Prep. \V-1) ; 





6 mg in 2.0 ce isotonic saline-phosphate buffer 





(pH 8.0) 

15.5 

267 

5 

36.4 

Prep. W-l heated at 100“ for 30 niiu; 6 aig in 2.0 





ce isotonic saline-phosphate buffer (pH 8.0) 

45.1 

490 

4 

35.0 

Crystalline egg albumin — 6 mg in 2.0 ce isotonic- 





saline-phosplrate buffer (pH S.O) 

32.6 

473 

U 

39.5 

Control — 4 mg gelatin in 2.0 ee isotonic saline- 





phosphate buffer (pH 8.0) 

32.6 

501 


procedure, a yield of only 52 mg of powder 
was obtained (Prep. W-2). 

A solution of each of the above prepara- 
tions in isotonic saline-0.01 phosphate 
buffer (pH= 7.7; 4 mg per cc) was tested in 
the manner previously described. The re- 
sults (Table I, Exp. II and III) show that 
both preparations have adrenocorticotrophic 
activity. These experiments are a further 
demonstration that the urinary steroid hor- 
mones do not cause the observed adrenal 
hypertrophy. Dialysis and the acetone treat- 
ment can be e.xpected to remove all but traces 
of urinary steroids. 

The method of Sayers, ci a/."-® depends on 
the fact that pituitary adrenocorticotrophin 
will cause a rapid and profound decrease in 
the ascorbic acid level of the adrenals. The 
method was modified in the following man- 
ner to test for the presence of adrenocortico- 
trophin in urine. Young male rats were 
anesthetized with nembutal and 2.0 cc of 
the solution to be tested were injected intra- 
periioneally. After 1.5 hours, the animals 
were sacrificed, the adrenals removed and the 
ascorbic acid content determined. The as- 
corbic acid was measured by the method of 
Carruthers.^ In our hands, this method was 
found satisfactory in that known amounts 
of ascorbic acid could be estimated with an 
error of less than 7^fc. 

Fresh female urine and Prep. \V-I, when 
tested in the above manner, showed a marked 
eiiect in depressing the adrenal ascorbic acid 
3^ compared to the controls (Table II). The 

Carnitliers, A., Iiul. Ku^. CUchU, Anal. Kil., 
1 1, SUO. 


control animals received 4 mg of gelatin in 
2 cc of isotonic saline-phosphate buffer (pH 
= 8.0). The gelatin was used as a foreign- 
protein control. When a solution of Prep. 
W-1 was heated in a water-bath at 100® for 
30 minutes, it no longer possessed any de- 
pressing effects on the adrenal ascorbic acid 
level. Since Prep. W-1 is also nondialyzable, 
this would seem to indicate that the active 
material is protein in nature. That non- 
specific antigenic proteins are probably in- 
effective in this test was shown when egg- 
albumin (3X recrystallized) was assayed and 
found to have no effect on the adrenal ascorbic 
acid level. 

A solution of Prep. W-1 was also tested 
on hypophysectomized rats. One of the 
adrenals of the hypophysectomized animals 
was removed and a solution of 6 mg of Prep. 
W-1 in isotonic saline-phosphate buffer was 
injected. .After 1.5 hours the second adrenal 
was removed and the ascorbic acid level in 
each determined. A depression in adrenal 
ascorbic acid (145 mg/100 g adrenal tissue) 
was found. This indicates that the urinary 
adrenocorticotrophin acts in the same manner 
as the pituitary adrenocorticotrophins in that 
both decrease the ascorbic acid level of the 
adrenals markedly in a relatively short time. 
Further, the urinary adrenocorticotrophin 
acts without the mediation of the pituitary. 

It can, therefore, be seen that the urinary 
and pituitary adrenocorticotrophins are qual- 
itatively similar in their effects. This estab- 
lishes the possibility that they are identical, 
or, at least, closely related, and that the 
urinary adrenocorticotrophin is an e.xcretory 
form of the pituitary adrenocorticotrophin. 
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The determination of the presence of adreno- 
corticotrophin in male urine and the identi- 
fication of the adrenocorticotrophic protein 
in female urine are now under investigation. 

Summary. Normal female urine contains 
adrenocorticotrophic activity which has been 
shown not to be due to its estrogen content. 


Being nondialyzable and thermoiabile, the 
active material appears to be a protein. It is 
similar to pituitary adrenocorticotrophin in 
its ability to produce adrenal weight increases 
and to depress the adrenal ascorbic acid level 
in normal and hypophysectomized male rats. 
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Effect of Boric Acid on Avian Malaria. 

A. O. Seeler and C. Malanga. (Introduced by H. Molitor.) 
From the MercTi Institute for Therapeutic Sescarch, hiahway, X.J. 


The recent paper by Hardcastle and Foster^ 
reporting encouraging results with the use 
of bora.x in the control of cecal coccidiosis 
in poultry suggested the possibility that boron 
derivatives might be effective as chemother- 
apeutic agents in certain types of avian 
malaria. 

Trophozoite-induced Plasmodium galUn- 
aceiim infections were established in S.C. 
White Leghorn chicks weighing 50 g by intra- 

1 Hardcastle, A. B., and Poster, A. 0., Proc. 
Helminthological Sob. of Washington, 1944, 11, 60. 


venous inoculation of 200,000,000 parasitized 
erythrocytes per kg; trophozoite-induced P. 
cathemerium infections w'ere induced in Peking 
ducklings weighing SO g by the intravenous 
injection of 500,000,000 parasitized erythro- 
cytes per kg. Sporozoite-induced P. gallht- 
aceum infections were used in prophylactic 
tests and were established in chicks of 50 g 
weight by injecting intravenously 0.2 cc per 
chick of a suspension of sporozoites prepared 
by grinding 100 infected mosquitoes in 20 cc 
of chicken plasma. 


TABLE L 

Effect of Boric Acid on Trophozoite and Sporozoite Induced Avian aialari.i. Infections. 

No. ATcr.-ige % erythrocytes 

birds Drug Dose parasitized at peak of infection 



I. Trophozoite-induced P. cathemerium infections in ducklings. 

4 

Boric acid 

2.0% in diet 

1.3 

4 

f J fJ 

1.0 ” ” ” 

6.6 

3 

Quinine 

80 ing/kg p.o. 

5.6 

3 

}J 

40 ” ” 

3.1 

6 

Controls 

— 

25.6 


II. Trophozoite-induced P. gallinacemn infectious in 

chicks. 

5 

Boric acid 

2.0 % in diet 

2.4 

5 

ij tt 

1.0 ” ” 

31.9 

3 

Sulfadiazine 

0.05 ” ” 

<0.1 

3 

f9 

0.025 ” ” ” 

0.5 

6 

Controls 

— 

66.1 


III. Sporozoite-induced P. 

gaUinaceim infectious in clucks. 

4 

Boric acid 

2.0 % in diet 

U.Ui 

4 

3> }i 

1.0 ” ” ” 

1.7 

4 

Sulfadiazine 

0.1 *’ ” ” 

0.00 

4 

Controls 

— 

30.0 

4 

Quinine 

0.4 ” ” ” 

22.0 

4 

Atabrine 

ft if ft 

19.7 

4 

Sulfadiazine 


0.00 

8 

Controls 

— 

17.6 


* One cluck died, two showed zero counts. 
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The boric acid was administered by incor- 
porating it in the diet, a commercial chick 
starting mash, in the amounts shoivn in Ta- 
ble I. The birds were given the drug-con- 
taining diet immediately after inoculation and 
were permitted to feed ad llhitum throughout 
the period of the test. The trophozoite-in- 
fected birds were continued on the drug-diet 
for 5 days. The chicks receiving the sporo- 
zoite inoculation were fed the drug-diet for 
3 days and were then transferred to the 
regular untreated stock diet for an additional 
6 days. 

At the end of the respective test period, 
thin blood smears were prepared, stained with 
Giemsa, and the effect of the therapy was 
judged by determining the number of para- 
sitized cells among 10,000 erythrocytes. In 
each e.xperiment a group of untreated birds 
and at least one group treated with a drug 
of known antimalarial activity served as con- 


trols. 

The results of the e.-cperiments on tropho- 
zoite- and sporozoite-induced avian malaria 
are given in Table I. Whereas quinine, 
atabrine and sulfadiazine can be used inter- 
changeably as suppressives for the trophozoite 
infections, only sulfadiazine has prophylactic 
activity against P. gallimceum. It is appar- 
ent that boric acid at relatively high concen- 
trations in the diet had a marked suppressive 
effect on both P. cathemerium and P. galUn- 
aceiim infections. Boric acid at high doses 
also showed definite prophylactic activity 
against P. gallimceum infections. 

Thus boric acid, unlike quinine and ata- 
brine, possesses both suppressive and pro- 
phylactic activity. It should be noted, how- 
ever, that the amounts of boric acid required 
to produce an effect on avian malaria closely 
approach to.xic levels. 
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-Antifibrillating Action of N-Methyl-Dibenzyl-Amine and Some of Its 

Derivatives. 

E. Moisset de Espanes and B. Weksi.er. (Introduced by O. Orias.) 

From the Institute of Physiology, Ilcdical School of the University of Cordoha, Jrgcntiiia. 


Quinidine is the best known among the 
drugs effective against cardiac fibrillation in- 
duced by electrical stimulation or other agents. 
Other drugs have been reported, some with 
chemical structure resembling that of quini- 
dine, and others entirely different, which also 
show some antifibrillating action. 

We have found that a-fagarine, (an alkaloid 
isolated by Stuckert* from Fagara coco (col- 
lected by Gill Engler) exerts an antifibrillat- 
ing effect as potent as, or more potent than, 
quinidine itself. It counteracts the influence 

* Stiiokert, G., Investigacioncs de laboratorio dc 
Quiiiiica Uioldgico, Cordol);!, Vol. I, 1933-, Vol. II, 
193S. 

- .Moissut de Espaues, E., lice. Soc. J-rg. Biol., 
l;j, H2; C. It. Soc. Biol., 103S, 127, IIS. 

^Martinez, C., iledicina (Buenos .Vires), 1911, 
■I, 109. 


of several fibrillating agents (faradic cur- 
rents,--^ coronary occlusion*) and causes re- 
covery of the sinus rhythm in cases of ac- 
cidental or spontaneous auricular fibrillation^ 
in animal e.xperimentation or in man.'^-' 
Deulofeu and Labriola® have established 
that a-fagarine is a tertiary base to which 
the following tentative formula can be as- 
signed: 


■* Jloissct do Espauos, B., Bcv. Soc. Arg. Biol., 
1937, IB, IlC; C. B. Soc. Biol., 193S, 127, 233. 

j Moisset do Espants, E., Amcr. Clin., 1915, 8, 
11 ; Moissot do Esp.mos, E., y ifo^-ano Navarro, B. 
Rev. Soc. Arg. Biol., 1930, 12, 137; C. R. Soc. 
Biol., 193S, 127, 510. 

«Dculofou, V., laibriola, B., Orias, O., Moisset 
do Espaiu-s, E., y Tafiuini, .V., Scii-ncc, 1013, 102, 
09; Cicnoiu e Inve.digacion, 1943, 1, 5-.'7. 

rTufiuini, .V., Rev. .irg. Cordiol, 1943, 12, a3. 
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AntifibrillatixNg Action of N-Methyl-Dibenzyl-Amine 


Cl 



The possibility of preparing easily a series 
of bases derived from methyl-dibenzyl-amine, 
which has a chemical structure greatly re- 
sembling that of the possible structure of 
a-fagarine, and the hope of finding new anti- 
fibrillating substances which, because of ef- 
ficiency or facility of preparation, would of- 
fer advantages, induced us to assay them 
pharmacologically. Methyl-dibenzyl-amine, 
which also e-xerts some antifibrillating effect, 
as shown by Martinez,® was taken as standard 
to compare the activity of its derivatives. 

So far we have studied the following bases, 
arranged according to the increasing com- 
plexity of the substituents attached to the 
aromatic nuclei: (1) N-methyl-dibenzyl- 
amine; (2) N-methyl-o-anisyl-p-anisyl-amine; 
(3) N-methyl-di{o-anisyl) -amine; (4) N- 
methyl-di- (3,4-dimethoxy-benzyl ) -amine; (5) 
N-methyl-di-(2,3-dimethoxy-benzyl) - amine; 
(6) N-methyl-di-(p-anisyl)-amine; (7) N- 
methyl - benzyl - piperonyl - amine; (8) N- 
methyl-di-(piperonyl) -amine; (9) N-methyl- 
p-anisyl-piperonyl-amine. The following bases 
were also studied: (10) N-ethyl-dibenzyl- 
amine; (11) N-methyl-benzyl-anisidine; (12) 
N-methyl-benzyl-phenethyl-amine. We shall 
refer to the above mentioned bases by the 
number preceding each. (Fig. 1). 

All the bases were prepared under the di- 
rection of Doctors V. Deulofeu and R. Labri- 
ola in the Laboratory of Organic Chemistry 
in the Facultad de Ciencias Exactas, Fisicas 
y Naturales de Buenos Aires. Some are al- 
ready known and the others were obtained 
by classical methods. The description of 
the new bases will be given elsewhere. 

Rabbits weighing from 1200 to 1800 g 


were anesthetized with 0.6 g of dial per k<' 
of body weight, half of that dosage being 
injected intravenously and the other half in- 
traperitoneally. The heart was e.xposed, with 
the pleural sacs left untouched, and the thres- 
holds to obtain both auricular and ventricular 
fibrillation with faradic current were deter- 
mined. Control experiments showed that such 
thresholds do not show appreciable variations 
within the 2 or 3 hours following the begin- 
ning of anesthesia. 

Two, 7, 17, and 32 minutes after intra- 
venous injection of the substance to be tested, 
the threshold was again determined, and the 
maximal variation was taken as indicative of 
the activity of the drug for comparative pur- 
poses. 

Table I summarizes the results obtained. 
The activity of each drug is e.xpressed accord- 
ing to the percentage of threshold increase 
found after injection. Each figure is the aver- 
age of the values found in the different ani- 
mals injected with the same drug. The rela- 
tive value represents the ratio of the activity 
of the investigated substance to that of the 
same dose of the standard substance (methyl- 
dibenzyl-amine), to which was assigned an 
activity value of 100. The opponent action 
of both quinidine and a-fagarine against 
auricular and ventricular fibrillation was also 
determined for comparative purposes. 

The results show that methyl-dibenzyl- 
amine e.xerts antifibrillatory action and that 
its potency is about the same on auricular 
and ventricular fibrillation (Table I). The 
addition of either methoxylic or dioxymethyl- 
enic groups to the aromatic nuclei of methyl- 
dibenzyl-amine, obviously modified its effect. 
In some cases it decreased (bases 4 and 5 ) 
and in some others it increased (bases 3 and 
9) but the change did not affect to the same 
extent the auricular and ventricular effects. 
All the bases to which only metho.xylic groups 
were added (bases 2, 3, 4, 5 , and 6) showed 
increased activity against ventricular fibrilla- 
tion, whereas those to which only dio.xy- 
methylenic groups were added, (bases 7 and 
8), showed increased activity against auri- 
cular fibrillation as compared rvith that of 
the original nucleus. Bases either having no 
such groups (bases 1, 10, II, and 12) or hav- 
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X’ lU. X. 

(1) N-metliyl-(libcnz}i-aiuiiie; (2) N-mctliyl-o-auisyl-p-anisyl-amino; 
(3) X-metliyl-d'i(aaiiisyl) •amine; (4) N-mcthyl-ili-(3,4-'l>mcthoxy-bcnzyl)- 
amine; (5)’ N-mctbyl-di-(2,3-(limetliaxy-bcnzyl)-amine; (G) N-muthyl-di- 
(p-anisyl) -amine; (7) Nmethyl-benzyl-piperouyl-amiuo; (8) X'-metbyl-di- 
(piperonyl) -amine; (9) N-metbyl-p-anisyl-piperoiiyl-amiiie; (10) N-ethyl- 
dibenzyl-aininc ; (11) X-methyl-benzyl-anisidine ; (12) X'-methyl-bcnzyl- 

plieuetyl-amine. 


ing both (one of each) (base 9) showed prac- 
tically the same degree of activity against 
both auricular and ventricular fibrillation. 

Ethyl-dibenzyl-amine (base 10) also was 
of interest because substances mentioned in 
the literature as having antifibrillatory ac- 
tivity have ethyl groups attached to nitrogen, 
fn our substance the substitution of the ethyl 
for the methyl group rather reduced the ac- 
tivity of the standard substance. 

ilethyl-benzyl-phenetyl-amine (base 12) 
with a chemical structure even more closely 
resembling the proposed structure for a- 
•agarine than methyl-dibenzyl-amine, our 
standard substance, showed a somewhat high- 
er activity than the latter. 


Furthermore, outside the methyl-dibenzyl- 
amine series, the aromatic base niethyl-benzyl- 
anisidine was investigated, and showed a 
markedly weak potency against both auricular 
and ventricular fibrillation, indicating that 
the difference in chemical structure produced 
a difference in pharmacological properties. 

•Among the substances with higher potency 
than our standard substance, base 2 (methyl- 
o-anisyl-p-anisyl-aniine) showed a very' tran- 
sient effect (it vanished in appro.ximately 
5 minutes) and base 3 (methyl-difoanlsyl)- 
amine) was highly to.xic, producing an in- 
tense convulsive attack, more tonic than 
clonic, the intensity in proportion to the 
administered dose, appearing sometimes before 
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TABLE I. 

Table Showing the Increase of Paradie Threshold to Fibrillation in Per cent of Initial Value and the 
Potency of Its Activity aa Compared with That of aletliyl-dibenzyl-amine at the Same Doses, 


Drug 

Dose, 

nig/kg 


Aurieiea 



Ventricles 


No. of 
ammals 

% of fibrillation 
threshold increase 
(avg and P.E.) 

Belative 

activity 

v 

No. of 
animals 

% of fibrillation 
threshold increase 
(avg and P.E.) 

Relative 

activity 

1 

1 

24 

18.3 -+- 1.11 

100 

20 

18.4 4- 1.01 

100 


5 

29 

27.1 ± 2.15 

100 

20 

32.8 4- 2.37 

100 

3 

1 

10 

18.5 -4- 6.65 

101 

10 

25.7 4- 6.74 

140 

3 

yu 

8 

25.0 ± 6.13 

137 

8 

34.6 4- 4.12 

188 

4 

1 

11 

13.3 ± 1.23 

73 

11 

16.1 4- 2.99 

87 

5 

1 

12 

10.0 ± 5.81 

55 

12 

14.4 4- 4.32 

78 

6 

1 

12 

10.2 ± 3.24 

56 

11 

29.4 4- 2.21 

160 

7 

5 

10 

31.0 -t- 4.07 

114 

10 

18.8 4- 6.87 

57 

8 . 

5 

9 

29.2 -f- 1.98 

108 

10 

12.4 4- 3.81 

38 

9 

1 

12 

20.3 -t- 2.36 

111 

12 

23.3 4- 1.48 

127 

10 

5 

10 

22.7 -t- 1.67 

84 

10 

23.9 4- 3.78 

73 

11 

5 

12 

1.8 -4- 3.84 

7 

11 

5.2 4- 1.36 

16 

12 

1 

11 

22.3 -t- 2.00 

122 

11 

21.6 ± 2.02 

117 

Q 

1 

17 

21.8 i 2.87 

119 

12 

16.8 4- 2.60 

91 

E 

1 

21 

24.8 ± 2.55 

135 

12 

30.3 ± 2.12 

165 


the injection ended and ceasing under new 
doses of “dial.” 

Even though quinidine showed some higher 
activity against auricular fibrillation, its po- 
tency was of the same order as that of our 
standard substance; a-fagarine, on the other 
hand, being perhaps more effective against ven- 
tricular than against auricular fibrillation, 
showed, in general, a higher potency than 
methyl-dibenzyl-amine. 

It seems necessary to emphasize that a 
strict ratio does not exist between the increase 
in potency as compared with the increase 
of the administered dose, as generally oc- 
curs in pharmacology. Also the relation 
dose/effect is different for each substance of 
the series; therefore, the relative activity may 
not be the same if doses other than those we 
have used are compared. Furthermore the 
toxicity of one substance as compared with 
the others does not necessarily parallel anti- 
fibrillating activity. More study will be 
needed to indicate which one is the most 


convenient from the practical point of view. 

Summary. The antifibrillating activity of 
a series of tertiary bases with a carbon skele- 
ton related to the possible chemical structure 
of a-fagarine has been assayed in rabbits. 
Eight of them were derivatives of methyl- 
dibenzyl-amine by addition of either methox- 
ylic or dio.xomethylenic groups to the aromatic 
nuclei; the others, also chemically related, 
were ethyl-dibenzyl-amine, methyl-benzyl- 
anisidine and methyl-benzyl-phenetyl-amine. 
Their effects were compared with those of 
quinidine and a-fagarine, tested under the 
same conditions. 

All of them showed antifibrillating activity. 
The maximal effect, however, was given by 
a-fagarine. The addition of methoxylic and 
dioximethylenic groups modified the activity 
of methyl-dibenzyl-amine, the former enhanc- 
ing the effect against fibrillatiott of the ventri- 
cles and the latter enhancing the effect against 
auricular fibrillation. 
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Plasma Levels after Repository Injections of Penicillin in Water-in-Oil 

Emulsions. 


H. WiLLt,\ii Harris, Clare Wilcox, and ^I,vxwell Finland 
From the Thorndihc Memorial Laboratory, Second and Fourth Medical Services (Uareard), 
Boston City Hospital, and the Department of Medicine, Harvard Medical School, Boston, Mass. 


A comparison of the penicillin levels ob- 
tained in the same patients after the same 
intramuscular dose of penicillin given in saline 
and in a water-in-oil emulsion as advocated 
by Freund and Thomson^ was presented in a 
previous communication.- Some variations 
were noted in the maximum concentrations 
obtained and considerably greater differences 
were noted in the maintenance of levels in 
the blood after any given dose. Intramuscular 
doses of 100,000, 200,000 and 300,000 units 
were given. Higher and better sustained levels 
followed the larger doses. There was no con- 
stant or striking difference between the re- 
sults obtained in the same subjects after the 
same dose given in the 2 vehicles. A dose 

1 Freund, J., .ind Thomson, K. J., Science, 1915, 
101, 408. 

- Ory, E. M., Wilcox, C., and Finland, M., Pboc. 
Soc. Exp. Biol, .mo Med., 1910, 02 , 80 . 


of 300,000 units in a beeswa.x-peanut oil mix- 
ture gave maximum concentrations which were 
appreciably lower, but the levels were much 
better sustained than with the same dose 
given in saline or in the water-in-oil emulsion. 
The emulsion base used in the previous study 
was Pendil, a “chloresterol-derivative and 
peanut oil” as described by Freund and Thom- 
son. 

A second series of observations are reported 
here with the use of a similar preparation, 
“Emulgen,”* which is composed of “sesame 
oil and cholestrin base.” Chlorobutanol 3 % 
is added as a preservative and local anesthetic. 
The methods used were the same as in the 
previous studies. Each subject was given a 
single dose of 200,000 or 300,000 units in 
saline or in the watec-in-oil emulsion and 

* Supplied by Dr. C. 0. Miller, Lukeiido Labora- 
tories, Inc. 
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lUaiuia penicillin levels in 6 subjects after intramuscular injections 
of 300,000 units in saline and in a water-iu-oil emulsion. 
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Penicillin in Water-in-Oil 



. r, . TABLE I. 

Average Conoeutratioua of Penicillin in Plasma Following Intramuscular Injections in Two 


Hours after 
injection 


Units per cc 

of plnsmii 


After 2 

Saline 

00,000 units in 

^ * Emulgeu ^ ’ 

After 300,000 units in 

f \ 

Saline “Emulgeu” 

% 

2.00 

2.50 

5.33 

4.33 

1 

1.42 

1.33 

3.33 

3.00 

5 

0.016 

0.06 

0.13 

o.ir 

8 

0.003 

0.005 

0.02 

0.04 


0 

0 

0.003 

O.OOS 


the same dose was given to the same subjects 
2 or 3 days later in the same final volume 
of the alternate vehicle. A single batch of 
penicillin was used in this study. This was a 
purified product which consisted almost en- 
tirely of crystalline penicillin G.f Special 
care was taken to obtain a smooth, creamy 
emulsion as advocated bj^ Freund and Thom- 
son. There was no local irritation from any 
of the injections. Blood for penicillin levels 
was drawn at 1, S, 8 and 12 hours after 
the injections. The results are shown 
graphically for each subject in Fig. I and 2 
and the average levels for each dose level 
are given in Table I. Comparable, but not 

t Supplied by the Commercial Solvents Corpora- 
tion. 


the same subjects were used for the 2 dosages. 

As in the previous report, the ma.x'imum 
concentrations varied somewhat in different 
subjects, but there were greater variations in 
the rate of decline in the plasma levels. 
After a dose of 300,000 units, demonstrable 
levels were no longer present at 12 hours ex- 
cept in one subject. After 200,000 units, 
there was no demonstrable penicillin in the 
plasma after 8 hours in almost every instance. 
In about one-half of the subjects receiving 
each dose, the penicillin levels were slightly 
better sustained when given in water-in-oil 
emulsion. The average blood levels after 5 
and 8 hours were also somewhat higher in 
subjects receiving the emulsion. Much more 
striking, however, is the fact that the plasma 
levels obtained after 300,000 units in saline 
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were considerably higher and much better- 
sustained than those observed after 200,000 
units given in the same volume of the water- 
in-oil emulsion. 

Conclusion. The previous observation that 
only a slight and inconstant prolongation of 
penicillin blood levels is obtained by the use 
of a water-in-oil emulsion is confirmed. The 


present findings suggest further that a sub- 
stantial increase in the intramuscular dose 
of penicillin in the same volume of saline 
will give considerabh' higher and better sus- 
tained plasma levels than the smaller dose 
given in a water-in-oil emulsion and the dis- 
advantages of the latter method are thus 
avoided. 


15547 

A Constant Current Square Wave Stimulator. 

Henry W. Xew.man. 

From the Deportment of Malicine. Sionfor/t Cnivtr,\iti; School oj MmlirinCf San Franci.tcOf Col. 


In the study of neuromuscular e.xcitability, 
both e.\'perimental and clinical, a source of 
stimulating electric current is required. .-\s 
the tests employed have been refined, there 
has been simultaneous refinement and com- 
plication of the apparatus required to perform 
them, with the development of a multiplicity 
of stimulators, each designed for one specific 
test. It is the purpose of this paper to de- 


scribe the construction of a stimulator which 
may be used both for the older and the more 
recent tests, yet which is not unduly comple.x, 
and which may be constructed from standard 
radio components. 

This stimulator is capable of producing 
waves of essentially square form as seen in 
Fig. 1, with constant current at full output 
of 20 milliamperes so long as the output re- 




FiK. 1. 

Cntluitli- r:iy OM-ilIiiKr;'!'''''' <r:iciiiK of ^tllllllIu^ of .1 milliM'.-imil-i iltir.ilion. ahmii:!;; 
wave Coim. 
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Square Wave Stimulator 



Pig. 2. 

ScUematic diagram of stimulator. The following components are required: 


T1 — Transformer, 800, 5,0, and 0,3 volts. 

LI — Choke, 12 henrys at 100 ma. 

Cl, 2—8 fd, 600 valfs. 

C3 to 18—0.75, 0.5, 0.25, 0.1, .05, .025, .01, 
.005, .0025, .001, .0005, .00025, .0001, .00005, 
.000025, .00001 fd. 

HI — 20,000 ohms, 2^5 watts, voltage divider. 

K2 — 6 megohms, Vi watt. 

R3, 4 — 1 megohm, % watt. 

E5 — 100,000 ohms, 1 watt. 

R6 — 100,000 ohms, 5 watts. 

B7 — 750,000 ohms, 1 watt. 

H8 — 250,000 ohms, variable. 

R9 — 80,000 ohms, 1 w.att. 


RIO — 1,500 ohms, 5 watts. 

Rll — 750,000 ohms, 1 watt. 

R12 — 500,000 ohms, variable. 

R13 — 100,000 ohms, Vs watt. 

VI — Seetiller, 5Z4. 

V2 — Voltage regulator, VR 150. 
V3 — Voltage regulator, VE 105. 
V4 — Pentode, 6SJ7. 

V5, 0 — Pentodes, 6PG. 

V7 — Miniature neon tube. 

SI, 2 — Ganged 2P3T switches. 

S3 — Power switch. 

S5 — 2P2T reversing switch. 

SO — 1P16T selector switch. 


sistance is kept below ISOOO ohms. The dura- 
tion of the stimulus may be varied in 16 
steps from 0.02 to 1500 milliseconds, and its 
intensity accurately determined prior to ad- 
ministration by means of a conventional rail- 
liammeter. A switch provides for reversal 
of polarity. Thus it is possible to determine 
strength-duration curves, rheobase and chron- 
axia, relation between cathodal- and anodal- 
closing thresholds, and galvanic tetanus ratio. 

The circuit, shown schematically in Fig. 2, 
is derived, with considerable modification, 
from a basic circuit described by Bauwens.^ 
Automatic administration of shocks at fixed 
intervals was abandoned in favor of manual 
administration of single shocks, since this was 

IBauwcns, P-, Proc. Soy. Soc. Med., 1941, 34, 
,715. 


found to be much better tolerated by human 
subjects. Grounding of the positive output 
terminal affords some protection from acci- 
dental shock. 

The time during which the stimulating 
current flows is determined by the capacity 
chosen from the bank of condensers C3-18, 
controlled by switch S6. The function of 
the pentode V4 is to clip the wave form of 
the condenser discharge and to apply this 
voltage in an essentially square form to the 
grid of pentode VS, the amplitude of this 
voltage being controlled by the variable re- 
sistance R8. Because of the characteristi(^ 
of the pentode V5, its plate .current, which is 
also the stimulating current, is wholly de- 
pendent on its grid voltage so long as the 
plate voltage does not drop below about 100 
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volts. This condition is satisfied so long as, 
with full output of 20 milliamperes, the out- 
put resistance does not exceed 15000 ohms, a 
condition easily met in practice. 

By employing a common cathode resistance 
for tubes V5 and V6 their total plate current, 
and thus the load on the power supplj^, is 
kept constant whether a stimulus is being ap- 
plied or not, eliminating the necessity for 
elaborate regulation of the power suppl 3 '. 
Resistance R12 is adjusted so that with the 
intensity control R8 at maximum and switches 
Si and S2, which are ganged, in the charging 
position, the milliammeter indicates 20 mil- 
liamperes. Thereafter R12 need not be ad- 
justed further. 

In operation, the duration of the stimulus 
is selected by S6, with S1-S2 in the center 
position to avoid sparking at the contacts of 
S6. Then S1-S2 is thrown to the charging 
position, charging the desired condenser. In 
this position the plate circuit of V4 is open, 
while the plate circuit of V5 is connected 
through the milliammeter. R8 is adjusted so 
that the meter indicates the desired intensitj' 
of stimulus, and then the stimulus is delivered 
by throwing S1-S2 to the stimulating position. 
This maneuver closes the plate circuit of V4, 
cutting off plate current in V5; then connects 
the plate of V5 through the subject rather 
than the milliammeter, and finally delivers 
the condenser discharge to the grid of V4, 
which clips it to square form and impresses 
it on the grid of V5, the resulting square 
wave of current in V5 being the stimulating 
current. 

In practice, a large indifferent electrode is 
used, with the stigmatic electrode of 1.0 sq cm 
area placed over the nerve or motor point 


of the muscle to be tested. The threshold 
stimulus is then determined, first for currents 
of the longest duration available, and then 
for those of successively shorter duration un- 
til no further response can be obtained at 
maximum intensity. The values of threshold 
intensity so obtained are plotted against a 
logarithmic scale of duration, the result being 
a strength-duration curve. From this curve 
chronaxia may easily be determined. Galvanic 
tetanus ratio is arrived at by first establish- 
ing the threshold at which a simple muscle 
twitch is produced with a current of 1.5 seconds 
duration, and then increasing the intensity 
until a tetanic contraction persisting for the 
duration of the stimulus is secured. The ra- 
tio between these 2 intensities is the galvanic 
tetanus ratio. 

Polarity of output is controlled by S3; 
the positive side remains at ground potential. 
Thus the relationship of anodal-closing to 
cathodal-closing thresholds may be easily ob- 
tained. In determination of galvanic tetanus 
ratio, observation of the small neon light, 
V7, which is extinguished during the passage 
of the stimulus, is helpful in determining 
the tetanus threshold, for which purpose it 
is mounted on flexible leads so that it may be 
observed at the same time as the contracting 
muscle. 

Summary. .\ stimulator suitable for the 
determination of strength-duration curves, 
rheobase and chronaxia, ratio of cathodal to 
anodal thresholds, and galvanic tetanus ratio 
has been constructed of standard radio com- 
ponents. It has given reliable and repro- 
ducible results in cases of peripheral nerve 
injury. 
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Schematic diagram of stimulator. 


T1 — Transformer, 800, 5.0, and 0.3 volts. 

LI — Choke, 12 heiirys at 100 ma. 

Cl, 2—8 fd. 600 valts. 

C3 to 18—0.75, 0,5, 0.25, 0.1, .05, .025, .01, 
.005, .0025, .001, .0005, .00025, .0001, .00005, 
.000025, .00001 fd. 

R1 — 20,000 ohms, 2p watts, voltage divider. 

E2 — 6 megohms, watt. 

E3, 4 — 1 megohm, ^ watt. 

S5 — 100,000 ohms, 1 watt. 

E6 — 100,000 ohms, 5 watts. 

E7 — ^750,000 ohms, 1 watt. 

E8 — 250,000 ohms, variable. 

B9 — 80,000 ohms, 1 watt. 


Pig. 2. 

The following components are required: 


RIO — 1,500 ohms, 5 watts. 

Ell — 750,000 ohms, 1 watt. 

E12 — 500,000 ohms, variable. 

R13 — 100,000 ohms, ^4 watt. 

VI — ^Rectifier, 5Z4. 

V2 — Voltage regulator, VB 150. 
V3 — Voltage regulator, VE 105. 
V4 — Pentode, 6SJ7. 

V5, 6 — Pentodes, 6PC. 

V7 — Miniature neon tube. 

SI, 2 — Ganged 2P3T switches. 

S3 — Power switch. 

55 — 2P2T reversing switch. 

56 — 1P16T selector switch. 


sistance is kept below 15000 ohms. The dura- 
tion of the stimulus may be varied in 16 
steps from 0.02 to 1500 milliseconds, and its 
intensity accurately determined prior to ad- 
ministration by means of a conventional mil- 
liammeter. A switch provides for reversal 
of polarity. Thus it is possible to determine 
strength-duration curves, rheobase and chron- 
axia, relation between cathodal- and anodal- 
closing thresholds, and galvanic tetanus ratio. 

The circuit, shown schematically in Fig. 2, 
is derived, with considerable modification, 
from a basic circuit described by Bauwens.' 
Automatic administration of shocks at fixed 
intervals was abandoned in favor of manual 
administration of single shocks, since this was 

r Bauwena, P., Pfoc, Soy. Soe. IfcJ., 1941, 34, 
,715. 


found to be much better tolerated by human 
subjects. Grounding of the positive output 
terminal affords some protection from acci- 
dental shock. 

The time during which the stimulating 
current flows is determined by the capacity 
chosen from the bank of condensers C3-18, 
controlled by switch S6. The function of 
the pentode V4 is to clip the wave form of 
the condenser discharge and to apply this 
voltage in an essentially square form to the 
grid of pentode VS, the amplitude of this 
voltage being controlled by the variable re- 
sistance R8. Because of the characteristic 
of the pentode V5, its plate.current, which is 
also the stimulating current, is wholly de- 
pendent on its grid voltage so long as the 
plate voltage does not drop below about 100 
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volta. This condition is satisfied so long as, 
with full output of 20 milliamperes, the out- 
put resistance does not exceed 15000 ohms, a 
condition easily met in practice. 

By employing a common cathode resistance 
for tubes V5 and V6 their total plate current, 
and thus the load on the power supply, is 
kept constant whether a stimulus is being ap- 
plied or not, eliminating the necessity for 
elaborate regulation of the power supply. 
Resistance R12 is adjusted so that with the 
intensity control R8 at maximum and switches 
SI and S2, which are ganged, in the charging 
position, the milliammeter indicates 20 mil- 
liamperes. Thereafter R12 need not be ad- 
justed further. 

In operation, the duration of the stimulus 
is selected by S6, with S1-S2 in the center 
position to avoid sparking at the contacts of 
S6. Then S1-S2 is thrown to the charging 
position, charging the desired condenser. In 
this position the plate circuit of V4 is open, 
while the plate circuit of VS is connected 
through the milliammeter. R8 is adjusted so 
that the meter indicates the desired intensity 
of stimulus, and then the stimulus is delivered 
by throwing S1-S2 to the stimulating position. 
This maneuver closes the plate circuit of V4, 
cutting off plate current in V5; then connects 
the plate of V5 through the subject rather 
than the milliammeter, and finally delivers 
the condenser discharge to the grid of V4, 
which clips it to square form and impresses 
it on the grid of V5, the resulting square 
wave of current in V5 being the stimulating 
current. 

In practice, a large indifferent electrode is 
used, with the stigmatic electrode of 1.0 sq cm 
urea placed over the nerve or motor point 


of the muscle to be tested. The threshold 
stimulus is then determined, first for currents 
of the longest duration available, and then 
for those of successively shorter duration un- 
til no further response can be obtained at 
maximum intensity. The values of threshold 
intensity so obtained are plotted against a 
logarithmic scale of duration, the result being 
a strength-duration curve. From this curve 
chronaxia may easily be determined. Galvanic 
tetanus ratio is arrived at by first establish- 
ing the threshold at which a simple muscle 
twitch is produced with a current of 1.5 seconds 
duration, and then increasing the intensity 
until a tetanic contraction persisting for the 
duration of the stimulus is secured. The ra- 
tio between these 2 intensities is the galvanic 
tetanus ratio. 

Polarity of output is controlled by S3; 
the positive side remains at ground potential. 
Thus the relationship of anodal-closing to 
cathodal-closing thresholds may be easily ob- 
tained. In determination of galvanic tetanus 
ratio, observation of the small neon light, 
V7, which is extinguished during the passage 
of the stimulus, is helpful in determining 
the tetanus threshold, for which purpose it 
is mounted on flexible leads so that it may be 
observ’ed at the same time as the contracting 
muscle. 

Summary. A stimulator suitable for the 
determination of strength-duration curves, 
rheobase and chronaxia, ratio of cathodal to 
anodal thresholds, and galvanic tetanus ratio 
has been constructed of standard radio com- 
ponents. It has given reliable and repro- 
ducible results in cases of peripheral nerve 
injury. 
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RC — 100,000 ohms, 5 watts. 
R7 — 750,000 ohms, 1 watt, 
B8 — 250,000 ohms, variable. 
H9 — 80,000 ohms, 1 watt. 


SI, 2 — Ganged 2P3T switches. 
S3 — Power switch. 

So — 2P2T reversing switch. 
S6 — 1P16T selector switch. 


sistance is kept below ISOOO ohms. The dura- 
tion of the stimulus may be varied in 16 
steps from 0.02 to 1500 milliseconds, and its 
intensity accurately determined prior to ad- 
ministration by means of a conventional mil- 
liammeter. A switch provides for reversal 
of polarity. Thus it is possible to determine 
strength-duration curves, rheobase and chron- 
axia, relation between cathodal- and anodal- 
closing thresholds, and galvanic tetanus ratio. 

The circuit, shown schematically in Fig. 2, 
is derived, with considerable modification, 
from a basic circuit described by Bauwens.^ 
Automatic administration of shocks at fixed 
intervals was abandoned in favor of manual 
administration of single shocks, since this was 

iBauweus, P., Proc. Jtoy. Soc. Med., 1941, 34, 
,715, 


found to be much better tolerated by human 
subjects. Grounding of the positive output 
terminal affords some protection from acci- 
dental shock. 

The time during which the stimulating 
current flows is determined by the capacity 
chosen from the bank of condensers C3-18, 
controlled by switch S6. The function of 
the pentode V4 is to clip the wave form of 
the condenser discharge and to apply this 
voltage in an essentially square form to the 
grid of pentode VS, the amplitude of this 
voltage being controlled by the variable re- 
sistance R8. Because of the characteristic 
of the pentode V5, its plate .current, which is 
also the stimulating current, is wholly de- 
pendent on its grid voltage so long as the 
plate voltage does not drop below about 100 
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volts. This condition is satisfied so long as, 
with full output of 20 milliamperes, the out- 
put resistance does not exceed 15000 ohms, a 
condition easily met in practice. 

By employing a common cathode resistance 
for tubes V5 and V6 their total plate current, 
and thus the load on the power supply, is 
kept constant rvhether a stimulus is being ap- 
plied or not, eliminating the necessity for 
elaborate regulation of the power supply. 
Resistance R12 is adjusted so that with the 
intensity control R8 at maximum and switches 
SI and S2, which are ganged, in the charging 
position, the milliammeter indicates 20 mil- 
liamperes. Thereafter R12 need not be ad- 
justed further. 

In operation, the duration of the stimulus 
is selected by S6, with S1-S2 in the center 
position to avoid sparking at the contacts of 
S6. Then S1-S2 is thrown to the charging 
position, charging the desired condenser. In 
this position the plate circuit of V4 is open, 
while the plate circuit of V5 is connected 
through the milliammeter. R8 is adjusted so 
that the meter indicates the desired intensity 
of stimulus, and then the stimulus is delivered 
by throwing S1-S2 to the stimulating position. 
This maneuver closes the plate circuit of V4, 
cutting off plate current in VS; then connects 
the plate of V5 through the subject rather 
than the milliammeter, and finally delivers 
the condenser discharge to the grid of V4, 
which clips it to square form and impresses 
it on the grid of V5, the resulting square 
wave of current in V5 being the stimulating 
current. 

In practice, a large indifferent electrode is 
used, with the stigmatic electrode of 1.0 sq cm 
urea placed over the nerve or motor point 


of the muscle to be tested. The threshold 
stimulus is then determined, first for currents 
of the longest duration available, and then 
for those of successively shorter duration un- 
til no further response can be obtained at 
maximum intensity. The values of threshold 
intensity so obtained are plotted against a 
logarithmic scale of duration, the result being 
a strength-duration curve. From this curve 
chronaxia may easily be determined. Galvanic 
tetanus ratio is arrived at by first establish- 
ing the threshold at which a simple muscle 
twitch is produced with a current of 1.5 seconds 
duration, and then increasing the intensity 
until a tetanic contraction persisting for the 
duration of the stimulus is secured. The ra- 
tio between these 2 intensities is the galvanic 
tetanus ratio. 

Polarity of output is controlled by S3; 
the positive side remains at ground potential. 
Thus the relationship of anodal-closing to 
cathodal-closing thresholds may be easily ob- 
tained. In determination of galvanic tetanus 
ratio, observation of the small neon light, 
V7, which is extinguished during the passage 
of the stimulus, is helpful in determining 
the tetanus threshold, for which purpose it 
is mounted on flexible leads so that it may be 
observed at the same time as the contracting 
muscle. 

Summary. stimulator suitable for the 
determination of strength-duration curves, 
rheobase and chronaxia, ratio of cathodal to 
anodal thresholds, and galvanic tetanus ratio 
has been constructed of standard radio com- 
ponents. It has given reliable and repro- 
ducible results in cases of peripheral nerve 
injury. 
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Effects of 2,4 ■ Dichlorophenoxyacetic Acid on Experimental Animals * 
Nancy L. R. Bucher. (Introduced by Joseph C. Aub.) 

From the iledical Zahoratories, Collis P. Bmtington Memorial Hospital, Harvard UniversiUj, 
at the Massaeluisetts General Hospital, Soston, Mass. 


2,4-Dichlorophenoxyacetic acid {2,4-D) is 
of biological interest because of its remarka- 
ble effects on plants. Its action is selective, 
not only with regard to different species of 
plants, but also with regard to the type of 
response in different plants and plant parts. 
It is a powerful growth stimulator in minute 
concentrations; actively growing plants are 
especially sensitive. Larger amounts produce 
morphologic changes which may occur at some 
distance from the point of application, and 
after an appreciable latent period, death of 
the plant ensues.^"^ 

In view of these properties it seemed worth- 
while to investigate the effects of 2,4-D upon 
animals, with respect to toxicity, pharmacolog- 
ic activity, and influence on normal and 
neoplastic growth. Plant hormones have pre- 
viously been shown to inhibit the growth of 
transplantable tumors if applied directly to 
the tumor tissue,®’’ but treatment of tumor- 
bearing animals by injection at a site remote 
from the tumor has been unsuccessfuF e.x- 
cept in rare instances.* 

The sodium salt of 2,4-D was used in 1% 
solution in physiological saline, adjusted to 
approximate neutrality. Toxicity studies 
were carried out on young strain A male 

* This is publication No. 622 of the C.mcer Com- 
mission of Harvard University. 

This work rvas aided by a grant from the Amer- 
ie.an Cancer Society, Massachusetts Division, Inc. 

1 Zimmermaii, P. W., and Hitclicock, A. E., 
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1944, 100, 232. 

sMarth, P. C., and Mitchell, J. tV., Bot. Gas., 
1944, 100, 224. 

r Hildebrand, E. M., Science, 1946, 103, 465. 

5 Mitchell, J. W., and Marth, P, G., Bot. Gas., 
1944, 100, 199. 

0 Kline, B. E., Wasley, W. L., and Kusch, H. P., 
Cancer Bescarch, 1942, 3, 64o. 

T Kline, B. E., and Kusch, H. P., Cancer Be- 
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mice. The drug was injected either subcu- 
taneously, intraperitoneally or intravenously 
and was found to be effective in the same 
general dose range by any of these routes. 
The drug has previously been reported to 
be nontoxic to animals and humans when 
administered orally In the present e.xperi- 
ments the appro.vimate LDjo, as determined 
by subcutaneous administration, was 280 mg 
per kg. 

The injection of from ISO to 200 mg per kg 
at one time results in a myotonia-like syn- 
drome that lasts from 8 to 24 hours or more 
in different animal species. The same signs 
have been produced in mice, rats, rabbits 
and dogs. Within a half to three-quarters 
of an hour following administration of the 
drug, the animal has ceased most spontaneous 
activity, and sits very still. However, he 
remains awake and alert. When he is now 
induced to make a sudden movement, such 
as a quick start, or a righting motion, spasm 
supervenes; his limbs spread out, and he falls 
and lies helpless, vainly trying to regain his 
footing. Opisthotonus may appear mo- 
mentarily. The hind linrbs are usually more 
noticeably affected than the fore limbs. If 
incited to continue his attempts to move, he 
will gradually recover. Motion is slow and 
awkward at first, but with continued effort 
approaches normal speed, smoothness, and 
control. After this, if the animal is allowed 
to remain still for S or 10 minutes, the initial 
syndrome recurs. In addition to the phe- 
nomenon of alleviation by exercise and e.v- 
acerbation fay rest, some animals e.vhibit a 
local hard knotty muscle spasm in response 
to a sharp percussive blow. Both features 
are characteristic of clinical myotonia. The 
diagnosis of myotonia has finally been estab- 
lished by myographic and electromyographic 
studies, now being done in conjunction with 
Dr. George Acheson of the Department of 
Pharmacology of the Harvard Medical School. 

When larger doses (250 to 350 rag per kg) 
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are given to mice there is an initial period 
of myotonia as previousl.v described, followed 
by rapidly increasing sluggishness and re- 
luctance to move; tails are rigid; attempts 
at righting bring out a coarse clonic tremor. 
Inertia deepens into coma. The mice now 
lie on their backs with the 4 feet in the air. 
Their respirations are almost imperceptible. 
They are flaccid, and cold to touch. This 
state may terminate in death after several 
hours, or several days. In a few instances, 
after 8 to 12 hours, the mouse may go 
through the same stages in reverse order, 
finally recovering completely and without 
residua. Dosages of this magnitude have 
not been administered to other animals. 

Other to.xic effects of the drug which have 
been noted following parenteral administra- 
tion are; (1) an irritant action on the eyes 
and nasal passages of dogs, resulting in sneez- 
ing spells, and violent rubbing of the eyes, 
which develops after a delay of 24 hours or 
more (2) gastro-intestinal disturbances in 
dogs manifested by vomiting and increasingly 
severe anore.xia (3) the production of diarrhea 
in many, but not all mice. 

Thus far no clear-cut chronic syndrome 
has been produced by continued administra- 
tion of one or 2 daily' injections to mice 
f/.) to 1-5 of the LD.-,u per day for 3 weeks to 
3 months). 

Postmortem studies have not revealed any 
striking ieatures peculiar to the drug. In 
acutely intoxicated mice the liver, kidneys 
ami spleen grossly are dark and mottled. The 
tipper part of the intestine is filled with a 
bile-colored liquid which is sometimes blood- 
I'tainecl. The bladder is full, and a mass of 
ilry, hardened feces is caked about the anus. 
Microscopic examination shows wide dilata- 
'lon of the blood vessels of lungs, liver and 
Wneys. In mice receiving prolonged treat- 
ment the only abnormalities noted have been 


attributable to infection. There was moder- 
ate atrophy of the liver in one chronicaiiy- 
treated dog, whose serum alkaline phos- 
phatase rose from 5.0 to 39.4 Bodansky' units 
in 3 weeks. This dog entirely refused food 
during the last week of life. 

The peripheral blood of chronically-treated 
mice has not varied significantly from the 
controls with respect to hemoglobin, red cell, 
white cell and differential counts. 

Small doses have not affected the growth 
rate of young mice. Larger amounts (jq 
of the LDjo daily) have retarded growth, 
probably through reduction of food intake. 
Alice who have survived this amount for 3 
months are still alert, active and apparently 
normal in other respects. Repeated injec- 
tions have not influenced the growth rates of 
2 transplantable mouse sarcomas (Sarcoma 
180 and Sarcoma 37) to any notable degree. 
Mitotic counts performed on these tumors 
at varying intervals after a single injection 
of 200 mg per kg did not differ significantly 
from the control values. Alice undergoing 
daily injections of of the LD,-,o have be- 
come pregnant, and borne apparently normal 
litters at the end of a normal gestation period. 

Snmmury. Parenterally-administered 2,4-D 
produces temporary myotonia in mice, rats, 
rabbits and dogs following a single injection. 
Repeated injections have failed to elicit either 
a characteristic chronic syndrome or a strik- 
ing histologic picture; nor have they altered 
the process of reproduction and development 
in the dose ranges tested. The slight re- 
tardation of the growth rate of young mice 
on large daily doses is probably a manifesta- 
tion of reduced food intake. Xeopiastic 
growth has not been inhibited. 

The author i.s gratft’ii! to Dr. .Jom'jiJi f, .tuh tor 
tlio siiggi-.sihoi of this jirolili-m and for oiuourage- 
1111‘iit .-iikI ailvu-e. The hell) -\t»”ry 

Gh'iiii is also gnaitl.v ajilirtviati'il. 
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Effect of Some Atropine-like Drugs on Swing Sickness. 


Paul K. Smith* and Allan Hemingway.! 

From the Departments of Pharmacology and Biochemistry and of Biophysics, AAF School of 
Aviaiioti Medicine, Sandolph Field, Texas. 


This Study was undertaken primarily to 
find remedies of value in the prevention of 
airsickness. Any drug to be of value in the 
treatment of airsickness should fulfill the 
following criteria; it should be effective im- 
mediately following oral administration; it 
should not impair the capacity of treated per- 
sonnel to perform duties; it should not be 
to,xic, habit forming, or cause disagreeable 
symptoms. 

Methods. The drugs tested included 
atropine, scopolamine, hyoscyamine, homa- 
tropine, benzoyltropine, benzoyloscine, and 
pavatrine (B-diethylaminoethyl fluorene-9- 
carbo.xylate hydrochloride). All drugs or 
lactose placebos were contained in No. 1 pink 
capsules. The drug was given appro.ximately 
one hour before swinging. 

The swing test consisted of being swung 
in the sitting position through an arc of 
150° on a swing with a radius of 14 feet 
from the center of the swing to the seat. The 
head was fixed with the plane passing through 
the lateral canthus of each eye and the ex- 
ternal auditory meatus of each ear horizontal 
to the ground when the swing was at rest. 
Swinging was continued until the subject 
vomited or for a maximum of 20 minutes. 
Further details of the procedure have been 
described^ in which it was shown also that 
there was a fair correlation between swing 
sickness and airsickness. 

Drugs were studied in 3 ways: In the 
first, unselected subjects were swung and 
those that vomited within 20 minutes were 
used later for tests of the drug or placebo. 
In the second procedure, the subjects who 
vomited the first time were divided Into 2 
groups and before they were swung the sec- 

* Now at Department of Pharmacology, George 
Washington University School of Medicine. 

t Now at Department of Physiol., University of 
Minnesota School of Medicine. 

1 Hemingway, A., submitted for publication. 


ond time half were given the drug and half 
placebos while the third time the order was 
reversed. In the third procedure, the sub- 
jects before having been swung were given 
either the drug or placebo and the incidence 
of vomiting in the various groups recorded. 

The subjects were all either aviation cadets 
or aviation students. When the same subject 
was used repeatedly an interval of several 
days was allowed to elapse between swings 
and attempts were made to equalize the aver- 
age interval between swings for the groups 
receiving drugs and groups receiving placebos. 
This was done because subjects swinging re- 
peatedly with short intervals between may 
become accustomed to the motion. 

The tests for side effects were chosen be- 
cause they might reveal undesirable effects, 
such as dry moutli, interference with normal 
vision, etc. The subjects used for studies 
of these effects were selected without regard 
to susceptibility to swing sickness. Before 
being given a drug, each subject lay quietly 
for at least S minutes at which time his pulse 
rate and blood pressure were measured. Eacli 
man was given some paraffin to chew and 
told to salivate as much as possible into a 
small graduated cylinder during a 4 -minute 
interval. The near point of accommodation 
was measured by means of a Prince rule. In 
this procedure, a piece of paper with a fine 
black line on it was first moved out from 
the eye until the line was no longer blurred 
and then from out to near the eye until the 
line appeared blurred. The mean of these 2 
measurements was recorded. Each eye was 
tested separately. The drug or placebo was 
then given and V/a hours later the observa- 
tions were repeated. 

Results. The results of the swing tests are 
given in Table I. They have been analyzed 
merely on the basis of the percentage of sub- 
jects in each group that vomited. ^ Of the 
drugs tested scopolamine hydrobromide, 0.75 
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TABLE 1. 

S wing Tests on Subjceta After Atropiiie-likc Drugs. 

Drug Placebo 

^ Estimated 

' ifo. Xo. No. No. protection 
mg Tested Vomited Tested Vomited % PJ 


Scopobmine hydrobromido 

>> >> 

Atropine sulfate 
1-Hyoscyamiuo hydrobromide 
Homatropine hydrobromide 
Benzoyltropine hydrochloride 
Benzoyloscine hydroehloride 
Demerol 
Pavatrine 
) > 

Scopolamine hydrobromide 
Atropine sulfate 


0.5 

0.75 

0.75 

1.0 

1.0 

12.0 

50.0 

50.0 

100.0 

250.0 

250.0 

0.75 

1.0 


21t 

5 

21 

9 

21* 

5 

21* 

10 

21t 

9 

21 1 

20 

20{ 

11 

21 1 

20 

20 1 

7 

21 1 

20 

20 1 

14 

21 1 

20 

20t 

14 

21 1 

20 

20t 

13 

21t 

20 

8t 

7 

21t 

20 

20 1 

11 

21t 

20 

52 

18 

3G5t 

98 

140 

16 

305t 

98 

106 

15 

305 1 

98 


44 

0.18 

50 

0.11 

55 

<0.01 

42 

<0.01 

03 

<0.01 

26 

0.03 

26 

0.03 

32 

0.02 

10 

0.46 

42 

<0.01 

— 

>1.00 

59 

<0.01 

47 

0.01 


* Subjects acted as own controls, receiving the drug the 


second or tliird time swung and tlie 


^'“TTtoe%“Sarreceiving placebos were used at the same time several of the drugs were 

the corresponding control group vomited on the initial 

'“YprobSy that observed difference could h.ave occurred by chance. 


T.1IBLE II. 

Differences and standardStiSnfofdi“4“^^^^^^^ administra 


atiou 


OViatluua ^ . . 

of tiio drug and prior to administratioin 


Saliv 


Drug 

Xo. 

subj. 

ce 

Placebos 

58 

1.0 

Scopolamiuo 

20 

—0.8 

Miyoscyammo 

20 

— 

Pavatrine 

23 

0.5 

Atropine 

20 

—2.1 

Benzoyltroplno 

21 

— 0.3 

Benzoyloscine 

20 

0,5 

Homatropine 

20 

— 0.3 


[ition 


Systolic blood Diastolic blood 
Pulse rate pressure pressure 


Accommo- 

dation 


per min S.D. 


1.8 

1.5 

2.-i 

2.0 

2.3 
2.7 

1.4 

2.4 


- 9.6 
-15.4 

- 0.8 

- 9.9 

- 9.0 

- 10.8 

- 9.2 
-13.2 


6.0 

4.0 

11.6 

•4.7 

5.8 

4.0 

6.3 

4.4 


—5.9 

—9.7 

—5.2 

—4.4 

— 

— 5.7 
—0.4 


S.D. 

mm Hg S.D. 

cm 

S.D. 

•4.6 

—2.8 

5.8 

—0.1 

0.8 

8.5 

—3.0 

6.5 

0.4 

1.4 

5.6 

—1.2 

6.4 

0.6 

1.4 

6.7 

—0.9 

4.6 

—0.1 

0.8 

8.2 

—1.5 

6.4 

0.2 

0.6 

5.3 

—0.1 

4.6 

0.3 

1.0 

5.2 

—0.4 

•4.9 

—0.1 

0.9 

7.4 

—0.3 

7.0 

0.6 

1.6 


and atropine sulfate, 1.0 mg, were ef- 
ive by 2 methods. Hyoscyamine hydro- 
mide, 1.0 mg, was effective by Uie only 
;hod it was studied. (The probability ot 
difference occurring by chance was ess 
n 1 in 100). Homatropine, beiuoyltr^ 
e and benzovloscine were also moderately 
:ctive (the probability of Uie dilierence 
iirring by cliance was less than m - . 

e effectiveness of Demerol was ^ 

1 in some subjects caused nausea before 
:y were swung. The study /’tiwUrme m 
selected subjects failed to confirm he earl - 
work on selected subjects and the mci- 
,ice of vomiting after Pavatrine was even 


slightly higher than after lactose. There 
were no obvious factors to account for this 
difference. From the calculation of the es- 
timated protection, it is obvious that not all 
of the drugs were of equal value but due 
to the limited number of subjects it was not 
possible to determine whether or not sta- 
tistically valid difference in effectiveness e.x- 
isted. In general it may be said that scopola- 
mine, atropine, and /-hyoscyamine were ef- 
fective whereas homatropine, benzoyltropine 
and benzoyloscine were of a lower order of 
usefulness. 

With the e.xception of P.avatrine, compara- 
ble results were obtained by the methods 
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when the subjects were selected and when 
they were unselected. This is reflected in 
the estimated protection of 50% and 55% 
with scopolamine in selected subjects and 59% 
in unselected subjects and in the 42% es- 
timated protection with atropine in selected 
subjects compared with 47% in unselected 
subjects. 

The effects of these drugs and some others 
on salivation, pulse rate, blood pressure and 
accommodation are presented in Table II. 
As was to be expected the resting subjects 
showed a slight decrease in blood pressure 
whether receiving the drug or placebo but 
there were no significant differences. Be- 
cause of the biphasic action of the atropine- 
like drugs in first stimulating and then de- 
creasing the effects, it was not surprising that 
there was considerable variation in the pulse 
rate. The effects were more pronounced for 
hyoscyamine where in some measurements 
the pulse rate taken 45 minutes after the 
drug was given revealed a mean decrease 
but after hours the mean rate was sig- 
nificantly higher than in the placebo group 
(probability of no difference less than 0.01). 
In the doses used, scopolamine and homa- 
tropine produced significantly greater de- 
creases in pulse rate than the placebo. In all 
cases the probability of no difference was less 
than 0.01. Significant decreases in salivary 
flow (probability of no difference less than 
0.01) were produced by hyoscyamine, atro- 
pine and scopolamine. The effect produced 
by hyoscyamine was greater than that pro- 
duced by any other drug tested and produced 
a definitely dryer mouth than scopolamine 
alone (probability of no difference less than 
0.01). 

Discussion. Not enough compounds have 
been tested to show clearly the relation be- 
tween chemical structure and effectiveness in 


motion sickness. From the limited data it 
appears that substitution of the tropic acid 
group, as it appears in atropine, hyoscya- 
mjne and scopolamine with a mandelic acid 
group, as it occurs in homatropine or a 
benzoic acid group as it occurs in benzoyl- 
tropine and benzoyloscine, results in a great 
loss of activity. 

In general, there is a rough correlation be- 
tween the inhibition of salivation and the 
effectiveness in motion sickness. That is, 
scopolamine, hyoscyamine and atropine all 
depress salivation appreciably in the doses 
employed; whereas, the other drugs tested 
do not produce appreciable decreases nor are 
they significantly effective in motion sickness. 
The effects of these drugs on respiration were 
not studied but it would appear from earlier 
work that in general, atropine, scopolamine 
and hyoscyamine are more effective in stim- 
ulating respiration than the other drugs that 
were studied. .Although this correlation be- 
tween salivary depression and effectiveness 
in swing sickness may be of some value it 
should be pointed out that the effect on 
salivation of scopolamine is significantly less 
than that of hyoscyamine whereas there was 
no suggestion that hyoscyamine was more 
than slightly superior to scopolamine in swing 
sickness in the doses employed. 

Suinmary. Scopolamine, atropine, hyoscy- 
amine are effective remedies in preventing 
motion sickness due to swinging whereas 
homatropine, benzoyltropine and benzoylos- 
cine were less effective and demerol and 
pavatrine were of doubtful value. None of 
the remedies, in the doses employed, pro- 
duced effects on the pulse rate, blood pres- 
sure or near point of accommodation. Sig- 
nificant decreases in salivary flow were pro- 
duced by atropine, hyoscyamine and scopola- 
mine. 
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Effect of Various Substances on Swing Sickness. 

Paul K. Smith.* 

from the Department of Pharmacology ami Biochemistry, A.IF School of .lii.iUoo J/fifionic, 

Eamlolph Field, Texas. 


The substances selected for study were 
chosen for the following reasons: The sodium 
barbital, sodium ethyl-allyl-thiobarbiturate 
(V-5),- .Army IMotion Sickness Preventive and 
thiamine had been suggested as possible reme- 
dies for motion sickness; the combinations of 
scopolamine and ethyl-B-methyl-allyl-thio- 
barbituric acid (V-12)* and of scopolamine, 
chlorobutanol and benzedrine had been sug- 
gested as mi.xtures of greater effectiveness than 
scopolamine alone; the mixture of scopolamine 
and neostigmine might retain the effectiveness 
in swing sickness of scopolamine' without the 
undesirable side effects;' the pyridoxine be- 
cause it has been reported to be of value in 
the vomiting of pregnancy^ and of irradiation 
sickness;' the benzedrine because it has some- 
times been employed with the barbiturates to 
overcome the central depressant effects; and 
the sulfadiazine because it had been suggested 
as a mass prophylactic for the prevention of 
respiratory infections and information was 
desired as to whether or not it increased sus- 
ceptibility to motion sickness. 

The .Army Motion Sickness Preventive con- 
sists of 65 mg sodium amytal, 0.40 mg atro- 
pine sulfate and 0.16 mg scopolamine hydro- 
bromide per capsule. In this study the 
equivalent of 2 capsules of the .Army Alotion 
Sickness Preventive was used as a single dose. 

Sulfadiazine was given to a group of sub- 
jects every day for 7 weeks. The subjects 
were tested at the end of the 4th and at the 

~^nv at D^pnrtineiit of I’hariuoi-oUig.v, George 
Wajliiiigtoii ITiiver.sity .Seliool of Medieiiie, M asli- 
■‘ngtun, D.C. 

> Smith, I*. K., :in<l llemiiigwa.v. A.. I’KOC. boe. 
Kxi-. itioi.. .v.Ni> Mu>., into, ms. -Jtil!. 

-XoUe, It. L., Proc. -I.s.sii. Comm. .Irmy ihi . 


end of the 7th week. A similar group received 
placebos for a similar period of time. -All 
remedies except the sulfadiazine were given 
in No. 1 pink gelatin capsules, approxi- 
mately one to 2 hours before swinging 
began. The method of testing susceptibility 
of subjects to swing sickness is the same as 
in the previous report.' 

The results are shown in Table I. The 
sodium barbital, benzedrine, A^-5, thiamine 
and pyridoxine were of negligible effective- 
ness. The results with pyridoxine are not 
inconsistent with its possible value in the 
nausea of pregnancy and of irradiation sick- 
ness since the latter may be associated with 
liver damage. The .Army Alotion Sickness 
Preventive is moderately effective as might 
be predicted from its content of atropine and 
of scopolamine.' The number of subjects 
employed with sulfadiazine is so small that 
the suggested effectiveness is of no statistical 
significance. The data do suggest, however, 
that sulfadiazine in this dose does not ap- 
preciably mcrease the susceptibility to mo- 
tion sickness. Inconsistent results were ob- 
tained with the mixture of scopolamine and 
neostigmine. In the group of selected sub- 
jects the mixture was considerably more ef- 
fective than in the group of unselected sub- 
jects. The e.xplanation for this is not ap- 
parent. Perhaps of more importance, how- 
ever, is the observation that the mixture 
seems to retain some of the motion sickness 
preventive value of the scopolamine alone. 
A study of the effects of this mixture on 
salivation conducted as in the previous re- 
port showed that the neostigmine had abol- 
ished almost entirely the depressant effect on 
salivation. The mixture of scoiX)lamine and 
\'-12 is no more effective than the scopolamine 


hcs., S.U.C. Canada, lUt."!. 

^ Willis, U. .S., Winn, W. XV., 
'^'11, .V. niul Massi'V, W. Iv. 


Morris, .\. T., Xi'W- 
, .Ini. .1. Ohs. Cgn., 


HI4Z, -t-J, 205. 

'.Mnilioia, .1. 
llubvrtson, .1. K., 


It., Jr.. Mollwniu, .\. J-, and 

Dadtohxjii, 11*13, 41, .3b3. 


alone was found to be.* The addition of 
chlorobutanol and benzedrine to scoixilamine 
gave a remedy that was highly effective but 
the observed superiority of this mixture over 
scopolamine alone was not statistically signi- 
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when the subjects were selected and ivhen 
they were unselected. This is reflected in 
the estimated protection of 50% and 55% 
with scopolamine in selected subjects and 59% 
in unselected subjects and in the 42% es- 
timated protection with atropine in selected 
subjects compared with 47% in unselected 
subjects. 

The effects of these drugs and some others 
on salivation, pulse rate, blood pressure and 
accommodation are presented in Table II. 
As was to be e.vpected the resting subjects 
showed a slight decrease in blood pressure 
whether receiving the drug or placebo but 
there were no significant differences. Be- 
cause of the biphasic action of the atropine- 
like drugs in first stimulating and then de- 
creasing the effects, it was not surprising that 
there was considerable variation in the pulse 
rate. The effects were more pronounced for 
hyoscyamine where in some measurements 
the pulse rate taken 45 minutes after the 
drug was given revealed a mean decrease 
but after hours the mean rate was sig- 
nificantly higher than in the placebo group 
(probability of no difference less than 0.01). 
In the doses used, scopolamine and homa- 
tropine produced significantly greater de- 
creases in pulse rate than the placebo. In all 
cases the probability of no difference was less 
than 0.01. Significant decreases in salivary 
flow (probability of no difference less than 
0.01) were produced by hyoscyamine, atro- 
pine and scopolamine. The effect produced 
by hyoscyamine was greater than that pro- 
duced by any other drug tested and produced 
a definitely dryer mouth than scopolamine 
alone (probability of no difference less than 
0.01). 

Discussion. Not enough compounds have 
been tested to show clearly the relation be- 
tween chemical structure and effectiveness in 


motion sickness. From the limited data it 
appears that substitution of the tropic acid 
group, as it appears in atropine, hyoscya- 
mine and scopolamine with a mandelic acid 
group, as it occurs in homatropine or a 
benzoic acid group as it occurs in benzoyl- 
tropine and benzoyloscine, results in a great 
loss of activity. 

In general, there is a rough correlation be- 
tween the inhibition of salivation and the 
effectiveness in motion sickness. That is, 
scopolamine, hyoscyamine and atropine all 
depress salivation appreciably in the doses 
employed; whereas, the other drugs tested 
do not produce appreciable decreases nor are 
they significantly effective in motion sickness. 
The effects of these drugs on respiration were 
not studied but it would appear from earlier 
work that in general, atropine, scopolamine 
and hyoscyamine are more effective in stim- 
ulating respiration than the other drugs that 
were studied. Although this correlation be- 
tween salivary depression and effectiveness 
in swing sickness may be of some value it 
should be pointed out that the effect on 
salivation of scopolamine is significantly less 
than that of hyoscyamine whereas there was 
no suggestion that hyoscyamine was more 
than slightly superior to scopolamine in swing 
sickness in the doses employed. 

Summary. Scopolamine, atropine, hyoscy- 
amine are effective remedies in preventing 
motion sickness due to swinging whereas 
homatropine, benzoyltropine and benzoylos- 
cine were less effective and demerol and 
pavatrine were of doubtful value. None of 
the remedies, in the doses employed, pro- 
duced effects on the pulse rate, blood pres- 
sure or near point of accommodation. Sig- 
nificant decreases in salivary flow were pro- 
duced by atropine, hyoscyamine and scopola- 
mine. 
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content of various organs is being studied by 
various workers, it seemed that information 
concerning total body weight losses occurring 
throughout the range of anoxia compatible 
with life would be helpful. An analysis of 
this weight loss into its components: urine, 
fecal and insensible water loss as Swann and 
Collings have made, is quite instructive, so 
this was done also. Furthermore, this pro- 
cedure reveals the effect of anoxia on the 
secretion of urine, a problem which is not yet 
fully understood. 

Proccdtirc. Separately weighed rats were 
placed in individual metabolism cages in a 
decompression chamber for periods of Syi 
hours; temperature and humidity within the 
chamber were determined. At the end of 
this period, the rats were weighed and the 
"eight of feces and the volume of urine were 
determined. 

The 6 rats constituting Group I were 4 
u'onths old (average wt 291 g) and were 
uiamtaincd on Purina Dog Chow. They were 
exposed to simulated high altitudes not oftener 
u twice a week and during a 5-month 
exposure to altitudes of 4,000, 
14,000, and 18,000 ft. Between e.x- 
ures to altitude, control e.xperiments were 


carried out with all factors the same e.xcept 
that the pressure was not reduced. The 6 
rats in Group 4 were 3 months old (average 
wt 248 g) and were kept on Rockland Rat 
Diet — Complete. During the course of 6 
months and in similar experiments these rats 
were e.xposed to 18,000, 24,000 and 32,000 ft. 
Before the final 4 e.xperiments at 28,000 ft. 
they each received 1 mg cocaine hydrochloride 
intraperitoneally. 

Results and Discussion. In the figure, the 
results are e.xpressed as per cent change from 
the control at each altitude. In addition to 
the changes in total weight loss, urine secre- 
tion and fecal e.xcretion; changes in ‘met 
loss” are indicated. “Net loss” is the differ- 
ence between the sum of the weights of feces 
and urine (specific gravity assumed: 1.0) 
and the total body weight loss. This value 
actually includes losses by evaporation from 
voided urine and feces as well as from the 
lungs and skin. But since the error due to 
urine and fecal evaporation is controlled when 
e.xperimental values are compared with con- 
trol values, the changes in “net loss” must 
represent fairly well those in insensible water 
loss. The same argument is applicable to 
changes in urine and feces. 

The average temperature in all determina- 
tions varied between 24.3° and 25.1°C. The 
greatest difference in average relative humidity 
between control and experimental determina- 
tions (range of differences: 1.5-17.0) was at 
24,000 ft. where total loss is out of line, but 
in the opposite direction expected. Appar- 
ently other factors than those we attempted 
to control were of more importance. 

The average body weight loss in 16 control 
determinations on the rats of Group 1 was 
13.9 mg/g body weight; of this 2.7 mg/g 
was urine; 2.3 mg/g was feces and 8.9 mg/g 
was “net loss.” Similar results were found 
with the rats of Group 4. 

The threshold altitude for each variable 
was found by determining which differences 
between the control and e.xperimental values 
were statistically significant by the method 
of Fisher.* The thresholds for increases in 

3 Fisher, It, .‘itiiiUtical Methods for Jlaearch 
iVorhers, fourth edition, Oliver and Boyd, London, 
1932 . 
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TABLE I. 


Swing Tests on Subjeets After Various Substances. 




Drug 


Placebo 




nig 

' Ho. Ho. ' 

Tested Vomited 

Ho. 

Tested 

Ho. protection 
Vomited % 

P5 

Barbital, sodium 

325 

20 

13 

20 

9 



1.00 

B.eu 2 cdrine sulfate 

10 

20 

13 

20* 

14 

7 

0.73 

V-5 

250 

21 

13 

21* 

15 

13 

0.52 

Thiamine chloride 

10 

20 

12 

20* 

14 

14 

0.00 

USAMSP 


19 

11 

19* 

16 

31 

0.07 

Sulfadiazine, 1 gi 


19 

4 

18 

4 

0 

1.00 

Sulfadiazine, 1 gt 

Hyoscine hydrobromide 

0.75 

19 

5 

17 

7 

36 

0.33 

prostigmine bromide 
Hyoscine hydrobromide 

15.0 

0.75 

20 

10 

31 

20 

48 

0.01 

prostigmine bromide 

15.0 

81 

17 

365 

98 

22 

0.28 

Pyridosine hydrochloride 

100 

33 

15 

82 

30 

— 

1.00 

Pyridosine hydrochloride 
Hyoscine hydrobromide 

200 

0.75 

28 

9 

82 

30 

12 

0.60 

V-12 

Hj’oscine hydrobromide 
chlorbutanol 

250 

0.75 

500 

104 

14 

365 

98 

50 

0.01 

benzedrine sulfate 

10 

145 

14 

365 

98 

64 

0.01 


* Subjects acted as own controls, receiving the drug the second or third time swung and the 
placebo the other time. 

t Tested after receiving the drag for 4 weehs. 
t Tested after receiving the drug for 7 weeks. 

^ Probability that observed difference could have occurred by chance. 


ficant. 

Summary. 1. Sodium barbital, benzedrine, 
V-S, thiamine, and pyrido.vine were of no 
demonstrated value in the prevention of swing 
sickness. 2. Sulfadiazine in daily doses of 
1 g did not appreciably affect the suscepti- 
bility to swing sickness. 3. A mixture of 
sodium amytal, atropine, and scopolamine was 
effective in swing sickness but probably not 
significantly more efiective than could be 
predicted from its content of atropine and 
scopolamine. 4. The addition of neostigmine 


to scopolamine decreased the effectiveness of 
this mixture over that of scopolamine alone 
but did not entirely abolish it, although it 
effectively prevented the depressant action of 
scopolamine on salivation. S. The addition 
of the thiobarbiturate V-12 to scopolamine 
did not increase its effectiveness in swing sick- 
ness. 6. A mixture of scopolamine, cliloro- 
butanol and benzedrine was insignificantly 
more effective than the scopolamine alone in 
a similar dose. 
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Effect of Anoxic Anoxia on Body Weight Loss in Rats. 


J. Ci-iEEORD Stickney. (Introduced by Edward J. Van Liere.) 

From the Department of Fhyslotogy, School of Medicine, West Virginia University, 

Morgantown. 


Fasting rats lose a significantly greater 
amount of weight when e.xposed to simulated 

on the 

Body, The University of Chicago Press, Chicago, 
1942. 


altitudes of 8,000, 18,000 and 28,000 ft. than 
at normal barometric pressure.^- Since tne 
effect of anoxia on the weight and the water 

a Swann, 

Med., 1943, 14, 114. 
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TABLE I. 


Aiiiiniil 

Xo. 

Wt,kg 

Total amt 
DDT in mgAg 

Days injections given 

Onset and duration 
of symiPtoms 

203 

2.1 

370 

1,8, 11, 18,28 

Onset: 30tli dav 
Death; 33rd 

204 

1.0 

6G5 

1, 8,18,28,33, 39,78,85,92 

Onset: 232nd ” 
Death; 235th " 

287 

1.5 

200 

1,8 

Onset; 13th " 
Death: lOth ” 

288 

2.4 

275 

1, 31, 38, 45 

Onset: 114th ” 
Death HOth ” 

28!) 

2.0 

100 

1 

Died 3rd day with- 
out neurologieai 
signs 

291 

4.0 

135 

1, 13, 23 

Onset: 42ml day 
Death; 45tli 

292 

o n 

225 

1,13,23 

Onset: 29th ” 
Death: 29th ” 


on definite portions of the nervous system, 
such as other drugs possess. 

Seven normal adult cats were given intra- 
muscular injections of DDT solution in olive 
oil. This way was chosen with the belief 
that it afforded, as compared to the oral 
route, a better control of dosage and a pro- 
longed absorption time. By slower absorp- 
tion, we hoped to produce less liver damage, 
and to be able to observe more easily the 
effects on the nervous system. It was hoped 
to obtain chronic animals, but, even though 
the dosage was far below the lethal amount, 
the animals either quickly developed steadily 
increasing signs of intoxication, ending in 
death, or, after transient illness, recovered 
completely. 

The data gathered from our e.xperiment are 
summarized in Table I. The occurrence of 
transient symptoms is not represented. 

When using the same amount for each in- 
dividual injection, and the same interval be- 
tween injections, we observed in our animals 
a great variability of response. One animal 
died after only 135 mg per kg, in 3 injections, 
while another remained in good condition 
after having received a total dose of 663 
mgAg. 

Very often, if not always, when the first 
signs of neurological disorder appeared, the 
animals e.\hibited signs resembling those of 
a cold: congestion and hypersecretion of the 
eyes and nose, without any rise in tempera- 
ture. We could not decide whether these 
were autonomic effecls of intoxication, the 


manifestation of a latent infection brought to 
light by the decreased resistance of the ani- 
mals, or whether the occurrence of the 
neurological disorders was promoted by an 
occasional infection. This seems unlikely, 
since in our animals these symptoms re- 
sembling a cold and the neurological disorders 
always occurred simultaneously. 

A few days (between 3 and 6) after the 
last injection, the animals began to show 
definite stiffness, especially in the hind limbs. 
Very soon afterward a fine tremor developed, 
first seen only in certain postures and move- 
ments, but rapidly becoming more coarse and 
permanent. If the animals recovered, after 
a few days (usually less than a week), the 
symptoms progressively disappeared and never 
went any further than this tremor. 

In other cases, after 2 or 3 days, the 
tremor increased in amplitude and became 
constant, while the stiffness extended to the 
proximal muscles of the limbs and to the 
trunk. At that period the animal continued 
to eat well and was still able to walk. The 
only sensory change noticed was obvious hy- 
peresthesia. After that the clinical picture 
clianged very rapidly. Muscular twitching 
appeared, first in the face, and soon became 
generalized. The animal could not walk, but 
retained consciousness. Within one day, the 
twitching became grosser, with resultant clonic 
movements of the entire limb. Finally the 
condition resembled status epilepticus, and 
tile animal died. Injections of barbiturates 
may prevent the clonic movements for a short 
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total loss, “net loss” and feces were between 
4,000 and 8,000 ft.; for urine below 4,000 ft. 

The curves for per cent increase in total 
weight loss and “net loss” for the 2 groups 
of rats are fairly consistent with each other 
and together indicate increases proportionate 
to the altitude. The rats of Group 4 did not 
display as intense a polyuria in response to 
ano.Aia as those of Group 1, but they, never- 
theless, had an increase in urine secretion 
which was proportionate to the altitude. The 
rats of Group 4 had a greater increase in 
fecal excretion at all altitudes than those of 
Group i. These differences between the 2 
groups were most probably due to the char- 
acter of the diet; that for Group 1 being 
inferior. The eventual decline of the fecal 
excretion curves with altitude was probably 
due to a reduced intake of the diet, since 
loss of appetite is a well known symptom of 
anoxia.^ The increased fecal e.xcretion con- 
firms the impression gained in this laboratory 
that in dogs, also, defecation is frequently 
one of the responses seen at 28,000 ft. It is 
of interest that colonic motility as registered 
by an enterograph in barbitalized dogs is 
usually greatly reduced by ano.xia.'* 

Swann and Collings,- who subjected their 
rats under different conditions to 18,000 ft. 
for periods of time between 6 and 23 hours, 
found much greater increases in the rate of 
insensible water loss than reported here. This 
may e.xplain in part their failure to find a 
diuresis at high altitude. Time may be a 
factor also, because their results for an e.x- 

■iVan Liere, E. J., Northup, D. W., Stiekney, 
J. C., and Emerson, G. A., Am. J. Physiol., 1943, 
140, 119. 


posure of 23 hours were less than those at 
shorter e.xposures and practically no differ- 
ent than the controls. Their finding an in- 
crease in the rate of fecal loss during the 
6-hour e.xposure only, is to be expected in 
fasting rats. 

The increases, here reported, in urine secre- 
tion are even greater than those found by 
Silvette.^ The few e.xperiments in which 
cocaine was administered did not reveal in- 
creased urine secretion above that seen with- 
out this epinephrine-potentiating agent, nor 
did they reveal a reduced secretion. This re- 
sult was obtained in spite of the fact that 
cocaine caused in the control e.xperiments, an 
increase of over 200% in urine secretion. Such 
results are not favorable to the view that 
anoxia-induced changes in urine secretion ate 
a result alone of epinephrine and/or augment- 
ed sympathetic impulses to the kidneys. Such 
an e.xplanation is more in accord with the 
results found in anesthetized animals* where 
oliguria is frequently found as well as polyuria 
in response to anoxia. Furthermore, 32,000 
ft, proved lethal to all but one of the rats, 
but in spite of this severe stimulation of the 
autonomic nervous system, they continued to 
respond with polyuria. 

Summary. The body weight loss in rats 
is proportional to the altitude up to 28,000 
ft. The thresholds for increased total body 
weight loss, “net loss” (insensible water loss) 
and fecal excretion lie between 4,000 and 
8,000 ft.; that for urine, below 4,000 ft. 
The administration of cocaine did not change 
the urinary response to anoxia (28,000 ft.) 

sSilvette, H., Am. J. Physiol., 1943, 140, 374. 

oToth, L. A., Am. J. Physiol., 1940, 129, 532. 
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Neural Efifects of DDT Poisoning in Cats. 


Roger T- Pluvinage and James W. Heath. (Introduced by Fred A. Mettler.) 
Prom the Vepartment of Neurology, College of Physicians and Surgeo,is, Columbia VmvermUj. 


The literature of the last few years con- 
tains several reports^-" of nervous disorders 
oroduced in laboratory animals b y DDT 

Pep., 1944, o9, 979. 


poisoning. Our aim was to investigate wheth- 
er DDT has, to any extent, a selective action 

2 Nelson, A. A., Draize, J. H., Woodard, G., Eitz- 
Imgh, 0. G., Smith, B. B., Jr., and Calvery, H. 0., 
Pul). Health Pep., 1944, 59, 1009. 
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Fig. 1. 

■Total circulating plasma albumin and globulins 
in dog No. 08 before (0) and after depletion in 
proteins (D) and during 33 days of feeding 0.35 g 
of casein hydrolysate nitrogcn/day/kilo of body 
weight. 

depletion have been described previously.® 
During the repletion period 2 dogs were fed 


orally a casein hydrolysate, and 2 were fed 
a; lactalbumin hydrolysate,* each dog re- 
ceiving 0.35 g of nitrogen/day/kg of body 
weight. The plasma and “available fluid” 
volume were determined according to the 
technics described by Gregersen and Stewart.® 
Nitrogen determinations on the blood and 
urine were made using the Pregl Micro- 
Kjeldahl. The albumin and globulin frac- 
tions were determined by the salt fractiona- 
tion method of Howe," 

Urine ammonia and urea nitrogen were de- 
termined by the aeration method of Van 
Slyke and Cullen,® creatinine and creatine 
were determined by the alkaline picrate pro- 
cedure of Folin,® and uric acid was analyzed 
by the indirect method of Folin.“ Urine 
alantoin was determined by the procedure of 
Young and Conway'^ and the ninhydrin- 
carbon dio.vide method of Van Slyke, Mac- 
Fadyen and Hamilton*- was used to determine 
the a-amino nitrogen. 

Results. The data in Fig. 1 illustrate the 


TiVBLK I. 

Dat.i ObUincd on 4 Dogs Before and After Depiction in Proteins and .Vfter Repletion from 
Feeding 0.35 g of Nitrogen per Kilo of Body Weight for 30 Days. Dog 28 and Go reeeived a 
lactalbumin hydrolysate and Dogs 42 and 08 a casein hydrolysate during the 30-day repletion 
period. 


Dog No. 

Wt, kg 

Plasm.a 

protein, 

5^0 

Plasma vol., 

(P) 

ml 

Available fluid 
(A) 
ml 

A/P 

28 

10.5 

0.73 

Control. 

444 

3100 

7.0 

05 

10.8 

7.14 

475 

3000 

0.3 

42 

12.1 

0.90 

430 

2600 

6.0 

08 

12.0 

7.04 

625 

3500 

5.G 

28 

10.7 

4.52 

Depleted. 

373 

3500 

9.3 

65 

11.1 

4.50 

410 

4400 

10.7 

42 

10.6 

4.72 

400 

3000 

9.0 

08 

11.1 

5.20 

502 

4400 

8.7 

28 

11.4 

0.50 

Replctcd. 

443 

2800 

0,3 

65 

11.7 

6.51 

020 

3200 

5.1 

42 

10.3 

0.80 

465 

2000 

08 

11.4 

7.07 

600 

3400 

5.6 


a Seeley, R. D., Urn. J. Physiol., 1945, 1-1-1, 3G9. 
t These hydrolysates were prepared by Dr. 
Bacon F. Chow of tho Squibb Institute for Medical 
Research. DeUiils concerning these bydrolys.atC 3 
will be published elsewhere, 

a Gregersen, M. I., .-md Stew;irt, J. D., Jim J. 
Physiol., 1930, 12.-5, 142. 

s Robinsou, II. W., I’rice, J. W., and Ilogden, 
C. G., J. Biot. Chem., 1031, 120, 481. 


3 Van Slyke, D. D., and Cullen, G. E., J. Biol. 
C/iern., 1910, 2^1, 111. 

a Folin, 0., J. Biol. Chem., 1014, 17, 409. 
tOFolin, O., Jf. Biol. Chem., 1933, 101, 111. 

It Young, E. G., and Conivay, C. F., J. Biol. 
Chem., 1942, 1-12, S39. 

i-Van .Slyke, D. D., MacFadyen, D. .\., and 
Uamiltoa, P. I!., J. Biol. Chem., 1943, 150, 251. 
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time. 

Pathology. The lesions were the same in 
all animals with progressive symptoms, 
whether they died spontaneously or were 
killed by exsanguination. They consisted in 
diffuse degeneration of the ganglion cells 
throughout the brain, -without any visible 
difference between different areas. In Nissl 
sections, the ganglion ceils showed either' 
vacuolar degeneration, - with swelling of the 
cell, disappearance of Nissl bodies and in- 
creased colorability of the dendrites, or 
pyknosis. Only occasional, normal cells were 
found. In Weigert-Pal sections, no definite 
changes could be found. 

Clusters of unidentified cells were observed 
close to the ependymal lining. Such clusters 
have been described in various species. We 
are unable to decide whether these clusters 
have any pathological significance. No al- 
terations were found in the liver, aside from 


moderate hyperemia of the capillaries. In 
none of our cases was there any fatty de- 
generation, such as has been described as one 
of the most constant features of DDT poison- 
ing after ingestion of the drug. 

No alterations were observed in other or- 
gans. 

Conclusion. Progressive neurological symp- 
toms were produced in cats by the intra- 
muscular injection of DDT. The signs 
evolved in the sequence of stiffness, tremor, 
clonic movements, and death. 

An animal with chronic neurological symp- 
toms was not obtained, either because death 
supervened or because the animal returned 
toward normality. 

Nissl sections revealed diffuse damage to, 
the ganglion cells of the brain, characterized 
by vacuolar degeneration or pyknosis. No 
alterations, other than capillary dilatation, 
were recognized in the liver. 
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Some Effects of Depletion and Repletion in Proteins on Body Fluids in 

Adult Dogs.* 

J. B. Allison, R. D, Seeley, J. H. Bkown, and F. P. Ferguson. 
i'rom the Bureau of Biological Research, Sutgers University, ^tew Bruiiswich, N.J. 


A decrease in plasma volume and a nutri- 
tional edema accompanies hypoproteinemia in 
dogs.^'^ The fail in concentration of plasma 
proteins is associated also with an increase in 

* Presented before tlie Division of Biological 
Chemistry of the American Chemical Society, 
Atlantic City, April 1946. 

These studies were supported by the Protein 
Metabolism Fund of the Bureau of Biological 
Eesearch, Sutgers University. 

The subject matter of this paper has been under- 
tahen, in part, in cooperation with the Quarter- 
master Corps Committee on Pood Eeseareh. 

1 Allison, J. B., Anderson, J. A., and Seeley, 
H. D., Bull. N. Y. Acad. Sci., in press. 

2 Weech, A. A., Goettseh, B., and Beeves, E. B., 
J. Exp. Med., 1935, 61 , 299. 

3 Wcfich, A. A., Wollstein, M., and Goettseh, B., 
J. Clin. Inv., 1937, 16 , 719. 


the utilization of nitrogen, the nitrogen bal- 
ance inde.xes of proteins being greater in 
protein-depleted than, in normal animals.* An, 
analysis of these data suggests that there are 
regular shifts in body fluids and in the utiliza- 
tion of nitrogen as the protein stores of the 
animal are altered. Experiments were or- 
ganized, therefore, to study changes in plasma 
and “available fluid” volumes and in the ex- 
cretion of various forms of nitrogen in adulf 
dogs during control, depletion, and repletion 
periods. 

Methods. Four dogs were depleted by feed- 
ing a protein-free diet; 3 days of plasmaphere- 
sis being used initially to speed up the process 
of depletion. The details of this method of 

■i Allison, J. B., Seeley, B. D., Brown, J. H., and 
Anderson, J. A., J. Nutrition, 1946, 31, 237. 
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T.VBLE II. 


Daily Exi-retiou of Compounds Containing Nitrogen During a 5 day Protein-free Feeding Period Before 
and After Depletion in Proteins and Hepletion from Feeding for 35 Days 0.35 g of Hydrolysate Nitro- 

gen per Day per Kilo of Body ^Ycight■ 


Cuiiditiuii 

Total N, 
g/ day/ sq.m. 

Urea and 

.\mmonia Creatine 

N, N, 

g/d;iy/ sq.m, g/day/sq.ui. 

Creatinine 

g/day/sq m. 

Uric ai*id 

N', 

g/day/sq.ra. 

.Vlantoiii 

g/day/sq.ni. 

Amino 

g/day/sq.m. 



L:ic 

talljumin Hydrolysate, Dog 

28. 



Control 

1.73 

1.19 

0.04 

0.20 

0.01 

0.19 

0.02G 

Depleted 

0.S4 

O.dG 

0.02 

0.13 

0.01 

0.19 

0.031 

Ki'pleted 

2 ♦>.» 

0.70 

0.02 

O.IG 

0.01 

0.17 

0.028 



Casein Hydrolysate, Dog 42. 




Control 

1.35 

0.84 

0.03 

0.17 

0.01 

0.24 

___ 

Dopletcil 

0.8-1 

0.49 

0.01 

0.11 

0.01 

0.17 

0.021 

ItcpleteJ 

1.150 

l.OG 

0.04 

0.14 

0.01 

0.20 

0.022 



Casein Hydrolysate, Dog 68. 




CDiitrol 

1.7-1 

1.11 

0.02 

tt.20 

0.01 

0.21 

0.035 


1.1.3 

0.70 

0.02 

O.IG 

0.02 

O.IG 

0.025 

Itopleti'd 

l.SG 

1.33 

0.03 

O.IG 

0.01 

0.19 

— 


Fig. 3 illustrates data on urine nitrogen 
e.xcretion obtained on 2 of the dogs, typical 
of all 4. The first point (C) records the 
urine nitrogen e.'icretion of the normal dog 
while receiving the protein-free diet. The 
second point (D) records the e-xcretion of 
urine nitrogen of the depleted dog while re- 
ceiving the protein-free diet. The white 
squares and circles illustrate data obtained 
during the repletion process while dog No. 28 
was receiving 0.35 g of lactalbumin hy- 
drolysate nitrogen and dog No. 68 was re- 
ceiving 0.35 g of casein hydrolysate nitro- 
gen/dayAs body weight. The last black 
point records data obtained at 40 days, while 
the repleted dog was receiving a protein-free 
diet. These data prove that the e.xcretion of 
body nitrogen on a protein-free diet is de- 
creased below control values in the depleted 
dog. Upon repletion this e.xcretion of body 
nitrogen returns toward control values, the 
body protein stores being replenished. The 
gradual increase in the e.xcretiQn of nitrogen 
during the period of repletion is due to the 
gradual increase in body protein stores ac- 
companied by a decrease in retention of dietary 
nitrogen. These data supplement those 
previously published where a reduction from 
control values in nitrogen e.xcretion and an 
increase in nitrogen balance inde.x of the 
dietary' protein above normal was demon- 
strateil in the depletetl dog.‘ 


Table II records the average daily urine 
excretion of compounds containing nitrogen 
during the protein-free feeding periods before 
and after depletion and after repletion in pro- 
teins. 

These data prove that the decrease below 
control levels of urine nitrogen in the de- 
pleted dog is due primarily to a decrease in 
ammonia and urea nitrogen. 

Summary. The plasma albumin decreases 
markedly while the total plasma globulins 
decrease slightly below control values in the 
protein-depleted animal. The dogs are very 
susceptible to disease in the depleted state, 
a susceptibility which is reduced upon reple- 
tion in proteins. The plasma volume drops 
and the available fluids increase as the total 
circulating plasma albumin is reduced by the 
process of depletion. This nutritional edema 
is corrected rapidly by repletion in plasma 
albumin. 

The e.xcretion of urine nitrogen gradually 
increases during the feeding of protein nitro- 
pn in the repletion period. This gradual 
increase b the result of a decrease in the 
utilization of the protein and of an increase 
in the e.xcretion of nitrogen from body stores. 
The decrease in urine nitrogen e.xcretion be- 
low normal which occurs in the hypopro- 
leinemic dog is primarily the result of a de- 
crease in ammonia and urea nitrogen. 
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o£ feeding 0.35 g of casein hydrol 3 ’sate nitro- 
gen/day/kilo of bodj’ weigiit. 

effect of depletion upon plasma proteins in 
one dog, typical of all 4. These data prove 
that plasma albumin decreases markedly 
■while plasma globulins decrease slightly be- 
low control values in the depleted animal. 
The reduction in globulin fractions may rep- 
resent a decrease in the protein stores of the 
lymphatic tissues. Certainly the a globulin 
fraction is not reduced, the reduction in 
globulins being restricted to the p and y frac- 
tions.^® Under these conditions, the dogs 
become very susceptible to disease, develop- 
ing kennel sores and other skin disorders. 
Replenishment of protein stores by feeding a 
high-quality protein restores rapidly the nat- 
ural resistance of the animal to these dis- 
turbances. Fig. 1 demonstrates the gradual 
return of albumin and globulin fractions from 
the depleted to the normal condition when 
the dog was fed a casein hydrolysate. Similar 
regenerations were found in the other 3 ani- 
mals, one receiving the casein hydrolysate 
and the other 2 lactalbumin hydrolysate. A 
critical evaluation of the regeneration of the 
plasma proteins in these e.xperiments has been 
made through the analysis of electrophoretic 
patterns which were obtained on these and a 
number of other dogs.“ 

13 Chow, B. F., AUison, J. B., Cole, W. H., and 
Seelej’, E. D., Pboc. Soc. Exp. Biol, and Med., 
1945, 60, 14. 


The data in Table I record the effects of 
depletion and repletion in proteins on the 
plasma and available fluid volumes. 

The plasma volume decreases below the 
control value in the depleted dog, returning 
toward normal during the repletion period. 
The available fluid, on the other hand, in- 
creases in the protein-depleted dog, returning 
to control levels upon repletion. -Thus the 
ratio between the available fluid and plasma 
volumes increases in the depleted animals to 
above normal. This increased ratio detects 
a “nutritional edema” long before increased 
fluid in tissue spaces can be observed clinical- 
ly- 

The data in Fig. 2 illustrate graphically, in 
more detail than in Table I, the changes in 
available fluid and plasma volumes which 
accompany depletion and repletion in proteins. 
The rapid decrease of available fluid volume 
which occurred in all dogs soon after the re- 
pletion process started is especially note- 
worthy. 



Fig. 3. 

Total dailj- urine nitrogen e-\eretion in dogs 
28 □ and 68 O 'rliEe on a protein-free diet before 
(C) and after depletion in' proteins (D) and during 
38 days of feeding 0.35 g of hydrolysate nitro- 
gen/day/kilo of bodj’ weight. Tlie last point at 
40 days represents the dailj' e-\cretion of nitrogen 
on a protein-free diet after reple tion. 

M Cliow, B. P., Allison, J. B., Cole, W. H., and 
Seeley, E. D., in press. 
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Ircalment with neostibosan is small (3 out oi 
11 examined or 27.3%) there is evidence in- 
dicating that the drug has parasitotropic ef- 
fects. This is also suggested by the fact 
than the egg count 1 1 months after treatment 
in 6 of the patients are appreciably lower 
than the counts before treatment. There is 
the possibility that in those patients in %vhom 
the infection was not eradicated insufficient 


drug was administered. Retreatment with 
neostibosan was found to be necessary by 
Culbertson, Rose and Oliver-Gonzalez in 
humans infected with microfilaria of W. ban- 
crojtir It seems possible that the use of a 
greater amount of drug may produce a larger 
percentage of cures. 

- Culbertson, J. T., Bose, H. iL, and Oliver- 
Ocmzali'Z, J., .Ini. J. B'jg., 19-10, -13, 1-15. 
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Treatment of Schistosomiasis mansoni with Neostibosah.* ‘ 


Federico HernAndez-Moraees, Jose Oliver-Gonzaeez, and Caroline K. Pratt. 

From the Departments of Clinical Medicine and Medical Zoology, School of Tropical Medicine 

San Juan, Puerto Sieo. 


Twelve patients with ova of S. mansoni in 
their stools were treated with the pentavalent 
antimonial drug, neostibosan (Winthrop). The 
patients were all males with ages ranging 
from IS to 32 years. The drug was admin- 
istered intravenously during a 2-week period 
of hospitalization. During the first 3 days, 
doses of 0.2, 0.6 and 0.9 respectively were 
usually given, and thereafter either 0.6 or 0.9 
was generally injected every day until the 
end of hospitalization. All patients tolerated 
the drug well and no serious reactions were 
seen. A low grade fever and abdominal pain, 
headache, nausea or anorexia were observed 
in most of the patients. 

The effect of the drug on the number of 
schistosome eggs passed in stools was care- 
fully observed. Stool examinations were made 
daily before and during treatment and on 
as many daily specimens as possible for each 
follow-up examination. The technic used for 
the quantitative determination of eggs in 
feces has been described previously.^ 

The effect of treatment on the schistosome 
infections, as determined fay the number of 
alive and dead schistosome ova in stools may 
be seen in Table I. Although the majority of 
the patients (9 out of 12 or 75%) had stools 
negative for live and dead ova one to 2 
months after treatment, 8 out of 11 (73%) 
relapsed 3 and 4 months later. Three out 
of 11 patients, however, have remained nega- 
tive throughout, for a period of 11 months. 

-Although the per cent of cases which has 
remained negative for ova of A”, mansoni after 


• f The work described in this paper was done 
under a contract recommended by the Committee 
on Medical Besearch, between the Office of Scien- 
tific Eeaearch and Development and the School of 
Tropical Medicine, San Jnan, P3. 

1 Jlernandez-Morales, F., Suarez, Eamdn M., 
Pratt, C. K., and Oliver-Gonzalez, J., Puerto Sico 
J. Fuh. Sealth and Prop. Med., June, 1946. 
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